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SECTION-8 

TROPICAL AND SUBTROPICAL SOILS 

THE SOILS OF WEST BENGAL PART I (MURSHIDABAD) 

By S. K. MUK.ERJI 1 

Depariment of Agriculture, West Bengal, Calcutta, India 
(Received on 18th October, 1954) 

The district of Mursidabad is in the North-Eastern corner of the Gangetic 
West Bengal, situated within the parallels of 23° 43' and 24°52' North latitude 
and 87° 49' and 88°44' East longitude. Ft has an area of 2095 square miles. 

In general the district is an alluvial plane with the Bhagirathi, running from 
North to South. The part on the South-West is slightly undulating having a gentle 
slope from West to East. The land between the rivers Babla and Bhagirathi, right 
from their confluence on the border of Mursidabad and Burdwan, up to the Bans 
or Paglu river in police station Suti, which joins the Bhagirathi on the North of 
the town of Jangipore, is a higher land and is moderately undulating. The highest 
area is in the police station of Sagardighi. The land becomes less undulating on 
the North of the railway station Gankar. The land is almost 1 evel in Sarnsergung 
and Suti police stations. In the police station Farakka, the land is sloping from 
the West hilly tracts towards the East. The portion West of the Bagdoba river is 
gravelly, being an extension of the upper Gondwana tract (Mahadevas) from the 
district of Santhal Parganas. ^ 

The eastern part of the Bhagirathi, has a gentle slope from North to South. 
The central part is a flat land. The southern portion occupying the South ot 
police stations of Hariharpara, Naoda and the eastern part of Beldanga is a shallow 
basin, wherein, all the rivulets of the central flat lands drain in. The only outlet 
of this area is through the river Suti, which drains the excess in the Jalangi. 
There are several natural depressions apart from these, formed by the river valleys 
and drainage lines. 


1. The soil work was taken up under the initiative of Sri K. Sen, T. C. S. 
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METHODS OF ANALYSIS AND SURVEY 


Schematic type of soil survey^ was adopted. Preparation of schematic soil 
map from spot observations was undertaken. The pi'ofilcs were studied at 6 mile 
grid-intersection points. The pits were dug in the vicinity of villages situated 
near the grid-intersection points, and soil samples were obtained from tlu;; profile 
to a depth of 4 ft.® Thus 65 profiles were examined, and soil samples collected 
from them horizonwise. Wherever the horizon diflerentiations wcrcvnol dear cut 
or layers could not be distinguished, 3am]’)les were obtained from eacdi foot 
depth. 

Soil samples passing a 2-mm seive were used for analysis in tlic laI)oratory. 
Mechanical analysis was carried out by the pipette method, after rtanoving lime 
with HCL The analysis of '‘A” complex^ was made by the metliod of extraction 
of the Agricultural Education Association.^ The electrometric method using glass 
electrode was used to determine pH values and conductivity was determined to 
estimate the amount of soluble salts. Exchangeable bases were estimated l)y the 
method of Williams.® Since most of the soils examined were calcareous this has been 
expressed as bases sol in N/2 acetic acid. Other items were analyscxl l>y tint nu'ihods 
given in the book of Wright.^ 

METEOROL O GIG AI. D A^P A 


The records of monthly rainfall with those for temixo'aJiu’e a,nd humidity for 
Mursidabad are giyexx in Tabic 1. These are average ol* icn yea.rs, 1938-47 and 
the recording station is Behrampore. 


TABLE I 


Months. Mean temperature 

M!can Averagti 
Max. and Min. 

RaiufiiU 

in 

!M<‘un of 

I lumidily 
Mean of 


OF 

temperature. 

iiiclics. 

8 lu-s. 

17 lu-s. 

January 

66-1 

78-5 

53-7 

0-78 

78-2 

51-2 

F ebruary 

69- 1 

82-4 

55-8 

0-84 

VO-3 

40-2 

March 

78-5 

93-2 

64-6 

0-77 

G2-4 

31-7 

April 

85-3 

98-3 

72-9 

1-71 

69-0 

39-5 

May 

87-6 

98-1 

77' 1 

3'02 

75-7 

55-0 

June 

86-5 

94-0 

78-8 

7-jO 

B2-3 

74-0 

July 

84*5 

90-3 

78-7 

15-01 

86-9 

80-2 

August 

84-4 

90-1 

78-rt 

15-C5 

86-1 

79-7 

September 

84-8 

9li 

78-5 

9-60 

83-7 

77-7 

October 

81-4 

8v3 

78-5 

5-16 

78 3 

69-8 

November 

74-4 

85-1 

63-7 

0-24 

75-8 

59-6 

December 

67-6 

79-5 

55-7 

0-19 

75-9 

55-7 

Average 

79-2 

89-2 

69-3 

60-47 

75-06 

59-54 


2. Soil Survey Manual. No Vi. Department of Agriculture, U. S. A. 1951 ni> 15, 21 
3 Ibid pp. 171 . * ^ 

4. The Principles of Soil Science by De Sigmond, 193B, pp. Bt-lHi, 

5. A. E, A. 1931. 

’^Agri^':'sc?'l8^4397i923r '’''"‘'“"Seable calcium in calcium car)>onatr Ct.-c «oil.. June. 

7. Wright, G. H.. Methods of Soil Analysis. Thomas Murl>y & Co. London, 1939. 



Highest avei'age temperatui'e in the month of May was recorded in :the year 
1942, which is 1 ll^F. 

Average rainfall of the district is 60'47 inches. 

Average temperature is 79*2oF. - 

Average Barometric pressure is 29*92 inches. 

FIcight of the barometric cistern above mean sea level is 62. 

Langs factor is 70 mm 'per degree centigrade. 

MyersN.~-S.-Q,, is 184. 

It may be seen that the rainfall is well over 3 inches on the average from 
Mayto October. The highest rainy months are July and August. The early 
rainfall from the month of May has determined the cropping practice of this dis- 
trict. The rains start from April and iFs intensity goes cn increasing reaching highest 
in August. The conditions, therefore, are suitable for growing jute, aus paddy, 
early aman paddy and sugarcane. The acerage under each of these crops are 
given below. ^ 

Aus Aman Sugarcane Jnte 

3,42,882.21 4,35,254.27 11,794.35 33,257.22 acres 

This district has a considerable area under pulses and rabi cereals. The 
winter rains amounting on the average to 2 inches coupled with low humidity and 
temperature is helpful for rabi cereals, especially wheat and barley. The area 
under wheat is about 42,1 j 69*37 acres and of barley 27,625*90 acres. With 
increasing facilities of irrigation from th'e Mor project, the area under rabi cereals 
is expected to go up considerably. 

This district is famous for it’s good quality mango. The mango orchards 
occupy 27,824*31 acres. Of specific crops of importance are the extensive mul- 
bery cultivation which occupied an area of 1 ,448*73 acres in 1944-45 and now 
according to the census of 1951 has increased to 17, QUO acres and Ganja, the ^culti- 
vation of which is increasing. Gram, masur and khesari, which occupy, 1 ,33,853*74, 
69,623 and 49,291.4 acres, are the more commonly grown pulses. 

SOILS 

The Lang’s factor is 70. This favours the formation of brown earth group 
of soils The Mayer’s N-S Quotient is 184, which favours the formation of chest- 
nut brown steppe soils and the Tshernosems. The following are the natural soil 
regions found in this district, formed as a result of the physical features, the water- 
sheds and the climate 

Soil Family : — (a) Vindhy an alluvium. 

(i?) Ganga alluvium. 

In the family of the Ganga alluvium four soil associations occur. They are, 

(1) Ganga riverine lands, 

(2) Ganga flatlands. 

(3) Ganga uplands. 

(4) Ganga lowlands. 

In (he family of Vindhyan alluvium three soil associations occur. They are, 

(5) Vindhyan riverine lands ' . . 

(6) Vindhyan flatlands. 

(7) Vindhyan highlands. • 
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A brief descrs-ption of the above soil families and associations arc given here, 
and a tentative demarcation is given in the accompanying Schcvnalic map. 

The nomenclature of the family of ‘^Vindhyan alluvium’' of soils, has been 
coined, on the basis of their origin and geographical situation. This family of soils 
has been formed from the alluvium brought down by the rivers, wlneli h;ive their 
origin in the North-Eastern extension of the system of Vindhya hills (Rajmahals). 
The hilly tract, where these rivers have originated, bedongs g(H)logica.lly to the upper 
Gondwana (Mahadevas) and Gneiss of all ages. Tlu^sc rivers llum How througli 
a region of low level laterites (sub-rccent) and clestxmd down on the alluvial plains 
of the adjoining district of Birbhum and then cross into Mursidabad to join the 
Ganges. 

All such soil associations, which have originated from the Gangetic alluvium 
have been given the family name of Ganga Alluvium. 

The soils of each of these families have been subdivided into soil associations. 
Topography, mode of formation and the design of development of the ^ profiles are 
the major considerations in setting up of four profile groups or associations in the 
family of Ganga alluvium and three profile groups in Vindhyan alluvium. 

L Ganga riverine lands. — Soils on recent alluvial funs, flood ])lains or oilier 
secondary deposits having undcvelopcxl jirofilcs und<‘'rlain by tuu'onsolidated 
material. These profiles show no aceunuilation of clay or lime in tli<^ sub-soil rt^sul- 
ting from the downward movement of particl(^s from llie surfmx^ horizon. The 
deposition of alluvium in dificrent layers having difierent mechanical composition 
is evident. The profile efl'crvcsces strongly giving proof of the iircsencc of calcium 
carbonate throughout it’s depth. 

2. Ganga flat lands. — Soils on young alluvial fans, flood plains or other 
secondary deposits, having undeveloped profiles, underlain 1>y unconsolidated 
meterial. These profiles show slight coxnpac turn and slight accuinulatlon of clay 
in the subsoils as a result of leaching from the surface horizons. 

3. Ganga uplands. — Soils on older alluvial fans, alluvial jilains and terraces, 
having a very slightly developed profiles. These profiles have a moderate accumu- 
lation of clay in them and a high concentration of lime in the form of concretions, 
in the sub-soil, as a result of continued movement of calcium from the surface 
horizons. 

4. Ganga lowlands. — Soils on lower plains and depressions, having accumu- 
lation of clay in the sub-soil, underlain by unconsolidated material, dliesc arc 
clay pan soils, in which the pans are relatively near the surface a.ml relatively 
impervious to the downward moverr ent of water. This is underlain by a horizon 
which, at places are lime or lime-iron and do not soften or disintegrate in water. 
This is similar to lacustrine deposits. 

5. Vindhyan riverine lands. — Soils on older alluvial fans, alluvial plains or 
terraces underlain by unconsolidated materials. Soils of these profile groups have 
been formed from the weathering of hard acid or basic igneous rocks like gneiss 
of all ages and of Gondwana tracts in Bihar and have been transported ))y a series 
of rivers and deposited in alluvial plains or terraces. 

6. Vindhyan flat lands — Soils on older plains or terraces, having moder- 
ately developed profiles with unconsolidated material These profiles have 
moderate accumulation of clay or higher concentration of lime in the subsoil as 
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a result of leaching from the surface horizons. The soil layer of clay is intersper- 
sed with iron or iron -manganese, rounded concretions, which occur at a depth of 
2-3 ft. indicating waterlogging for a considerable period of the year. 

7. Vindhyan high Zandr— Soils on older plains or terraces, having subsoil 
layers of clay rich in sesquioxides, usually underlain by dolomites. The subsoil 
layers are clayey with lime iron or iron cemented, which makes those relatively 
impervious to the downward movement of water. 

One typical profile from each of these profile groups or soil associations, to- 
gether with their soil analysis is described below. These profiles have been taken 
as representative mapping units, for each soil association. 


1. GANGA RIVERINE LANDS 
Morphology 


Horizons 

Depth in inches Description 

? 

0-12 

Olive in colour 5Y4/3. Non-sticky, fine 
sandy loam, single grained, loose, soft, cal- 
careous, moist, moderately alkaline and full of 
plant roots. 


12-15 

Olive gray 5Y4/2, Loamy sand, non-sticky. 
single grained, loose, calcareous, more moist, 
moderately alkaline and plant roots present. 

? 

15-29 

Gray 5Y4/4, sandy, non-sticky, calcareous, 
loose, very moist, single grained, moderately 
alkaline and plant roots present. 


29-33 

Olive 5Y4/3, loamy sand, floury in touch, 
more moist, thin platy, calcareous, rhoderately 
alkaline, and few roots are present. 

? 

33-40 

Olive gray 5Y4/2, fine sandy, calcareous, 
non-sticky, structureless, no plant roots present. 

? 

40-48 

White fine sand 5Y8/1, calcareous, very 
moist,, moderately alkaline, loose soil, and no 
plant roots. 


Mechanical 

and general composition 


(per cent, oven dry basis) 


Laboratory number 

R-204 

R-205 

R-206 

R-207 

R-208 

R-209 

Depth in inches 
Coarse sand 

0-12 

12-15 

15-29 

29-33 

33-40 

40-48 

0-40 

0-13 

0-15 

0-08 

0-14 

1-23 

Fine sand 

59-04 

67-68 

81-19 

56-35 

78-36 

88-35 

Silt 

22-55 

18-55 

8-10 

29-35 

1 1-40 

1-75 

Clay 

Air-dry-moisture 

13-95 

12-^5 

6-00 

11-80 

6-35 

4-35 

1-60 

0-79 

0-c9 

• 1-04 

0-49 

0-34 

pH 

C/irbon 

8-58 

7-v8 

8-04 

7-92 

7-82 

7-92 

0-29 

0-29 

0-15 

0-30 

0-12 

0-05 

Nitrogen 

0-03 

0-04 

0-02 

0-03 

0-02 

0-01 

Soil colour at field 
capacity 

. 5Y4/3 

5Y4/2 

5Y4/4 

5Y4/3 

5Y4/2 

5Y8/1 
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Chemical composition of “A” complc^x 


Scsquioxidcs 

(per cent, oven 

14-40 8-4a 

FePa 

4-50 

3-56 

■AbOq 

9- 90 

4-92 

CaO' 

4-50 

4-03 

P 2O5 

0-14 

0-1 1 

K,0 

0-37 

0-69 

Water sol salts 

()-12 

0-1 1 

N/2 acetic acid sol 
bases m.e. 

156-4 

144-4 

N/2 acetic acid sol 
CaO m.e. 

128-2 

124-6 


(h*y basis) 


7-64 

9-61 

5-53 

5-23 

3-20 

4-04 

2-40 

2-28 

4-4-1 

5-57 

3-13 

2-95 

4-2(5 

4-56 

4-4(i 

3-46 

0-11 

0-12 

(cl 2 

0-11 

0-57 

0-49 

0-48 

0-42 

0-10 

0-12 

o-io 

0-09 

164-4 

184-4 

171-0 

152-0 

133-8 

l:^6-4 

141-8 

128-0 


These soils have been formed as a result of deposits of Ching'elic alluvium 
received almost annually from the rivers Ganges (Fadma and Bhagirathi) The 
morphology indicates, that this group of prolilcs are of a very ri'ecnt' oritrin 
Soil horizons have not yet got sufliciciit time to develop. 'Bhe soil profiles throiiidi- 
out their depths are calcareous, and predominate in fine sand. There is mIi.so- 
lutely no indication even from cfiemieal analysis of any elfei't of weatheriiu'' and 
subsequent leaching down of the weathered imKliiets in the, lower layers The 
profiles contain more soluble salts iluiu the soil assoeialioiis two or three, but the con- 
centration of soluble salts are not .so high as to l,e prejudieial to crop grmvth. 
Ihese soils are rich in potash and phosphates, |>ut juior in organic matter ancl 

Sal SacS" -"'-'Si-' 


Inspite of their open nature due to their content of a high iironorlion of 
sand, these soils have a fairly good moisturo status. I’his is due fo the high ner- 
centage of finely divided calcium carbonate present in these soils. TI,e amount 
at mos-c of the p aces examined are about ten per cent. . The permeahilit v of these 
sods are very high and so is root penetrability. These s<ul,s^^ 1 ! ^ ,i ^ ^ 
for growing sugarcane. muuidk, 



2 . 

Horizons 

Depth 

A ? 

0-12 

A ? 

12-21 

B 


B ? 

41-48 


fxANGA FLAT LANDS 
Morphology 

i'^^hes Descriptions 

Olive in colour 3Y4/3, sandy loam, fine 
mimb. slightly .sticky, friable, calcareous, moist, 
penncali.e, mildly alkaline and roots tiresent. 

olive 53:5/3, .sandy loam fne crumi) 
structure, slightly more sticky, friable cal- 
careous, moist, permeable, moderatelv alkaline 
and plant roots are present. 

‘■'■omby (medium), 
friable,^ calcareous, moist, a few phuit roots, 
permeable and moderately alkaline. 

friohle . "'Cdiuin rrumi), loam, 

friable calcareous, softer than above moder- 
ately alkaline and a fewjdant roots are present'. 
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Mechanical and general composition 
(per cent, oven dry basis) 


Laboratory number. 

R -145 

R -146 

R -147 

R -148 

Depth in inches 

0-12 

12-21 

21-41 ■ 

41-48 

Coarse sand 

0-18 

0 - i 4 

0-27 

0-44 

Fine sand 

48-61 

47-39 

37-50 

38-68 

Silt 

38.80 

39-75 

43-85 

40-95 

Clay 

10-30 

10-50 

14-05 

15-10 

Air-dry-moisture 

0-70 

1-80 

4-00 

2-70 

pH 

8-44 

8-50 

8-48 

8-50 

Carbon 

0-50 

0-47 

0-30 

0-41 

Nitrogen 

Soil colour at field 

0-042 

0-046 

0-046 

0-049 

capacity 

5 Y 4/3 

5 Y 5/3 

5 Y 4/3 

5 Y 5/3 


Chemical composition of “A” complex 
(per cent, oven dry basis) 


Sesquioxides 

7-45 

9-82 

18-4 

■ 14-32 

FeoOs 

3-42 

4-68 

6-75 

' 5-96 

A1 O, 

4-03 

5-14 

11-65 

8-36 

CaO' 

4-35 

3-90 

2-80 

6-40 

K./) 

0-47 

0-54 

1-01 

0-80 


0-14 

0-13 

0-11 

0-12 

Water sol salts 

0-097 

0-049 

0-055 

0-050 

N/2 acetic acid sol bases 
in m. e. 

141-6 

146-8 

89-6 

209-8 

N/2 acetic acid sol 

GaO m. c. 

126-0 

155-2 

82-2 ■ 

188-8 


The coined name Ganga flat lands has been given to this soil association due 
to it’s relief and topography. This area occurs in a flat topography, south of the. 
CJanga riverine lands, ft has the Padma on the east and Bhagirathi on the west. 
This soil association is now out of reach of floods and has got a chance of under- 
going some degree of weathering. The characteristics 6f Ganga alluvium, z.e., 
the existence of finely divided calcium carbonate, in a powder form which is dis- 
tributed throughout the profile at random exist. Due ' to the alkaline nature of 
the profile and a lack of organic matter, the leaching of calcium is not evident. 
The potassium, sesquioxides, especially aluminium and clay all show some sign of 
leaching from the upper layers and accumulation at the lower ones. The above 
indicates the older nature of this soil association compared to the riverine lands. 

An excellent permeability and water retention capacity coupled with the 
climatic benefit of summer rains makes this area, ideally suitable for sugarcane 
plantations. This area at present grows aus paddy and jute in kharif and pulses 
in rabi, but the land can be made to give more money if a cash crop like sugarcane 
is developed in this region. 

The potash and phosphate resources are quite high to be supplemented in near 
liiturc. liic nitrogen is moderate and the buffer capacity of these soils are very 
high so that reduction of pH by application of ammonium sulphate is almost a 
remote possibilty. The state high tension line passes through this ^ area and if . 
suitably planned the possibility of development of sugarcane industry is good. 
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3. GANGA UPLANDS 
Morphology 

Horizons Depth in inches Description 

? 0-8 Olive 5Y4/3, clayey, slightly sticky, plastic, firm 

when moist, hard when dry, fine sul>- angular blocky, 
mildly alkaline, moist, very slowly pernn^able and 
abundant plant roots. 

? 8-18 Dark olive gray 5Y3/2, clayey, sticky, V(!ry pbistio.. 

firm when moist and hard wlicn dry, fine: sul>-angnlar 
blocky, mildly alkaline, more moist, small brownish 
black cocretions, diameter 0* 2 to 0* 4 cm, in irregularly 
shaped pellets, mildly alkaline, slowly pcnneal>lc ^ and 
a few plant roots present. 

Lime horizon 18-28 Olive 5Y6/4, clayey, sticky, plastic, less firm when 

moist and less hard when dry, medium crumb structure, 
moderately alkaline, contains calcium carbonate con- 
cretions in irregular forms of size of pea, low perme- 
ability and a few very thin roots present. 

Lime horizon 28-37 Pale olive yellow 5Y6/6, clayey, slightly sticky, 

plastic, firm when moist, hard when dry, medium 
crumb, moderately alkaline, contains free calcium 
carbonate, lime concretions | incli to 2 incites 
in diameter of irregular shape, liave accumulated ami 
has formed almost a pan like d(^,]>osil admixed with 
clay. This layer is moist and no plant roots are present. 

Mechanical and general composition 
(per cent, oven dry basis) 


Laboratory number 

R-137 


R-138 

R-139 

R-140 

Depth in inches 

0-8 


8-18 

18-28 

28-37 

Coarse sand 

0-46 


0-29 

0-55 

0-87 

Fine sand ... 

22-25 


20-06 

20-26 

17-97 

Silt 

21-15 


22-30 

26-65 

19-75 

Clay 

49-85 


52-00 

46-95 

50-35 

Air-dry-moisture 

7-11 


7-63 

8-79 

10-73 

pH 

7-48 


7-80 

8-22 

8-30 

Carbon 

0-46 


0-32 

0-34 

0-35 

Nitrogen 

0-035 


0-041 

0-039 

0-032 

Soil colour at field capacity 

5Y4/3 


5Y3/2 

5Y6/4 

5Y6/6 

Chemical composition of the ‘ 

‘A” complex. 




(per cent oven dry basis) 



Sesquioxides 


14-66 

14-04 

13-0-1 

14-76 

F 02 O 3 


5-08 

4-52 

4-84 

5-16 

Al^Og 


9-58 

9-52 

8-20 

9-60 

CaO 


1-31 

1-25 

1 -54 

2-32 

K 2 O 


0-13 

0-19 

0-23 

0-3.5 

P 2 O 5 


0-053 

0-036 

o-o-io 

0-037 

Water sol salts 


0-067 

0-042 

0-084 

0-100 

N/2 acetic acid sol bases m.e. 


22-00 

21-20 

31-40 

,59-80 

N/2 acetic acid sol CaO m.e. 


16-00 

16-00 

31-20 

48-80 
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The coined name Ganga uplands has been given to this soil association due 
to it’s occurence in a comparatively higher topography. This tract of land is 
the most consolidated amongst the Gauge tic family of soils, found in this district. 
The river Bhagirathi rarely swings to the right and break new lands due to the 
more stable nature of these soils. Similarly the rivulets which have their origin in and 
beyond the south western part of the district, can scarcely penetrate it to meet the 
Ganges. They perhaps find it too difficult to break through this barrier of stiff 
clay and Kankers (dolomite) and either cause waterlogging in the south western part 
or somehow trickle their water through the only outlet in this barrier, the Babla. 

This profile group is characterised, by it’s clayey nature and lime cocretions 
with a lime horizon. The sesquioxide and the clay are immobile. The top two 
layers do not effevescec at most of the places. Calcium carbonate as indurated 
concretions are found only in the third and fourth layers, which has accumulated 
due to leaching from the top horizon. The high clay content coupled with the 
rise of the water table almot to the surface during rains makes this type of soil 
suitable for aman paddy. Phosphate content of this scil association is low and must 
be supplemented. Potash is adequate and nitrogen low. The soil is adequately 
buffered and addition of a mixture of ammonium sulphate and super phosphate 
may be used, without any detrimental effect on the soil. 

4. GANGA LOWLANDS 


Morphology 

Horizon Depth in inches Description 

? 0-14 Very gray colour 5 Y3/1, highly clayey, 

very sticky, plastic, firm consistency, very hard 
and cracks when dry, coarse angular blocky, 
mildly alkaline and plant roots are present. 

? 14-29 Black in colour 5Y2/2, highly clayey, 

very sticky, plastic, firm, very hard and cracks 
when dry, medium angular blocky, mildly 
alkaline and a few thin plant roots are present. 

Lime horizon 29-34 Dark olive gray 5Y3/2, clayey, slightly 

sticky, slightly plastic, firm when moist and 
slightly hard when dry, medium granular struc- 
ture, free calcium carbonate present, lime con- 
cretion rough and irregular forms of sizes vary- 
ing in length from inches to about 3 inches, 
mildly alkaline andVew thin roots are present. 

■? 34.43 Light gray 5Y7/i, fine sand, slightly 

calcareous, single grained, non-sticky, non- 
plastic, loose, mildly alkaline and no roots 
present. 

Mechanical and general composition 


Laboratory number 
Depth in inches 
Coarse sand 
Fine sand 
Silt 


(per cent, oven dry basis) 

R-41 R-42 

0-14 14-29 

0-38 0-16 

2-08 1-39 

;;; n-eo i7-4o 


R-43 

29-34 

1-42 

11-07 

14-75 


R-44 

34-48 

10-44 

59-18 

3-95 
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Clay 

A ir-dr y-rnois tiir e 
pH 

Carbon 

Nitrogen , 

Soil colour at field capacity 


73-60 • 

72-10 

6-89 

b-75 

8-20 

7-68 

1-12 

0-77 

0-07 

0-07 

5Y3/1 

5Y2/2 


55-25 

17-30 

5-39 

1-85 

7-70 

7-80 

0-72 

0.26 

0-05 

0-023 

5Y3/2 

5Y3/1 


Chemical compofition of compi<^Y 
(Per cent, oven dry l)a,sis) 


Sesquioxides 

22-71 

23-34 

1 7-95 

10-37 

FegOa 

8-12 

8-62 

7-14 

4-52 

AI2O3 

14-59 

14-72 

10-81 

5-85 

CaO 

0-99 

1-02 

2-28 

0-67 

K;0 

0-19 

0-36 

0-03 

0-13 

P2O5 

0-067 

0-092 

0-091 

0-094 

N/2 acetic acid sol bases m.e. 

36-09 

36-89 

78-64 

23-63 

N/2 acetic acid sol CaO m.e. 

24-70 

27-02 

65-31 

16-50 

Water Sol salts 

0-59 

0-45 

0-10 

0-074- 


This association occurs in a saucer shaped shallow depression, which is situat* 
ed in the south of the district on the cast of the (ranges. The dra.inage water from 
the adjoining soil associations accumulates into it. The fimir materials l>roughi 
down by these washes settle over this area. The excess oi* watttr is drained 
by the river Siiti into the/Jalangi. lliis association is mainly a lacustrine' d(‘i)osit. 
This profile group is characterised ))y profiles having a heax^y clay uppet 
liori7x)n, followed by a sub-soilless heavy and containing indurated dolcminicr 
concretions cemented with clay over a Cagctic riverine type of protile. 

The soil on the surface iu highly clayey and offers giaait resistance to me- 
chanical appliances. It is very difficult even for a l)ull()ck cart, to move in this 
area when the soil is moist. The wheels of the cart very easily sink det^i) a.nd 
get stuck up in the clay and it becomes almost impossible to take it out. ITts 
behaviour of the soil has given it a local name “Kalantar” meaning the urea of 
death. Otherwise the soil is quite rich in all plant nutrients. The d<vpth of 
standing water during the rainy season varies from 3 to 5 feet. Dce[) aruan 

paddy is commonly grown wherever possible. During the win(<u' this jirtui gi'ts 
dried up and soil cracks as the dehydration of the ehu' o(‘ (h(‘ soil |)rogress(^s, 
Pulses are taken at places which dry out first. 

These soils are saline and therefore get very unkind a.ud dry up <puckls' 
at the surface as soon as the surface water receeds and dcveloj.) deep cracks. 
The high salt concentration in the soils of this association though, not prejudicial 
for paddy does not allow a good ral}i crop to grow. It is grown onl\' in |)atch(;s 
having low salt concentrations. 


5. VINDHYAN RIVERINE LANDS 
Morphology 

Horizons Depth in inches Descriptions 

• 0-13 Dark yellowish brown l()^ R*iy4, ('lay Iniiu. uu'dluiu 

platy, sticky, plastic, lria))lc, van*y juird wlu'ii dry, 
neutral and plaiit roots presemt in a.l)undaucn. 
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13-25 Yellow 10YR7/4, sandy loam, single grained slight- 

ly sticky, slightly plastic, very friable, soft, mildly 
alkaline and plant roots present. 

25-32 Light yellowish brown 10YR6/4, clay loam, single 

grained, slightly sticky, slightly plastic, friable, neutral 
and plant roots present. 

32-45 Yellowish brown 10Y5/4, coarse sand, loose and 

mildy alkaline. 

Mechanical- and general composition 
(per cent, oven dry basis) 


Laboratory number 

R-57 

R-58 

R-59 

R-60 

Depth in inches 

0-13 

13-25 

25-32 

• 32-48 

Coarse sand 

7-96 

4-98 

3-37 

27-56 

Fine sand 

34-77 

45-64 

45-24 

63-23 

Silt 

27-30 

28-50 

16-75 

0-50 

Clay 

30-40 

18-30 

30-25 

8-25 

Air-dry-moisture 

3-35 

2-57 

3-98 

0 09 

pH 

7-20 

7-60 

6-70 

7-40 

Organic carbon 

0-242 

0-093 

0-173 

0-054 

Nitrogen 

0-021 

0-018 

0-029 

0'008 

Soil colour at field capacity... 

10YR4/4 

10YR7/4 

10YR6/4 

10YR5/4 

Chemical composition of ‘"A” complex 



(per cent, oven 

dry basis) 



Sesquioxidcs 

13.37 

6-40 

11-50 

3-71 

FcaO;, 

5-44 

3-28 

5-68 

2-04 

Al^Os 

7-93 

3-12 

5-82 

1-67 

CaO 

0*60 

0-31 

0-55 

0-27 

KaO 

0-42 

0-11 

0-12 

0-23 

PaOs 

0-027 

0-029 

0-077 

0-045 

Water sol salts 

0-025 

.0-029 

0-077 ■ 

0-045 

N/2 acetic acid sol bases m.e. 

14-40 

8-00 

10-80 

4-40 

N/2 acetic acid sol CaO m. e. 

9-32 

7-20 

8-80 

4-40 


This association of soils occurs in the flood fans of the rivers, which have their 
origin in the rocky regions of Bihar, beyond the alluvial plane and the gravelly 
areas of the Birbhum district. These rivers bring down annually weathered pro- 
ducts formed in the regions occupied by gneiss of all ages and the Gondwana series 
(M'ahadevas) and deposit them in these flood fans. These rivulets also flow 
through the lateritic region of Birbhum district and therefore the alluvium brought 
down by these rivers and deposited by them are of mixed origin. 

The profile characteristic of this soil association is, that it should contain 
dininct sand layers, which should be of coarse nature and non-calcareous, sand- 
witched between clay loams or loams or silty loams or sandy loams. There should 
be no concretion in a regular iayerwise, though occasional lime concretions in the 
form of yellowish, irregular shaped dolomite, sparsely scattered in the profile may 

be met with. These should not be taken as a characteristic of the profile group 
for they occur at random and perhaps have been carried down by the riverwash 
from the adjoining areas of Birbhum district, which are rich in dolomites. The 
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rich colour of the soils may be ascribed to their iron content, though ferro or 
ferromanganese concretions are absent, indicating an abscence of waterlogging ol' 
the area for any considerable part of year. 

This area grows transplanted aus, potato, sugarcane and jrulses. Irrigation 
is a necessasity for the area and the soils arc epute |)crmca1)l<^ and salt free so 
that there wont be much damage to the soil if inttmsivc: irrigation is planned. 
Loss by seepage, however, must be taken into consideration, which at places may be 
considerable. The nutrient status is on the average too low. Phosphati(‘ and potassic 
manuring may be recommended for this tract. Nitrogenous manuring, liowevcr, 
may be made in the form of organic xnanures or i>asic nitrog(motis iirlificlals 
instead of ammonium sulphate. The buffer capacity of these soils are low and 
ammonium sulphate should be cautiously used. Ammonium sulpliatc wlien used 
may always be compounded with phosphate for all crops and with potash in 
addition when used for potash loving crops like potato or jute. 


6. VINDHYAN FLATLANDS 


Morphology 


Horizons Depth in inches 


Description 


? 

? 


? 


0-10 Yellowish l>rown 10YR5/4, clay loam, mediimi 

platy, slightly sticky, plastic, friable, slightly hard, 
permeable, sligditly acid and ])lcuty of roots. 

10-22 Dark yellowish brown l()VR4/4, clayey, ])lastic, 

moderately permeable, medium angular bloeky, 
plastic, firm, hard when dry, neutral, fiiWer plant 
roots and a few brown concretions as irregularly small 
pellets. 

22-34 Dark yellowish brown l()YR4/4, clayey, medium 

angular bloeky, sticky, plastic, slowly ])ermeable, firm 
hard when dry, neutral, a few plant root.s, very few 
lime concretions of irregularly shaped of all sizt^s, 
and brown small concretions 1 cm to 3 cm in dia- 
meter. 


Light yellowish lirown l()YR(;/4, dayiiv, coarse 
angular bloeky, very sticky, ])lasiie, viu'y linn, very 
hard when dry, very slow permeabiliiv, I'malium acid 
plant roots nil.. Stray dolomite concretions of irregu- 
larly rounded shape scattered in tlui prolilc. 


Laboratory number 

Depth in inches 

Coarse sand 

Fine sand 

Silt 

Clay 

Air-dry-moisture 

pH 


Mechanical and general composition 


(per cent, oven dry basis) 


R-69 

R-70 

R-7I 

0-10 

10-22 

22-34 

2-62 

30-33 

2-05 

27-86 

2-23 

20-02 

25-70 

23-25 

23-00 

33-15 

•f2-00 

43-75 

5-82 

4-89 

5-20 

6-10 

6-60 

6-62 


R-72 
34-48 
M3 
2 1 -.35 
24-50 
47-20 
6-04 
6-08 



Organic carbon 0*37 0*15 0*11 0*095 

Nitrogen ... 0*021 0*025 0*020 0*007 

Soil colour at field capacity ... 10YR5/4 10YR4/4 10YR4/4 10YR6/4 

Chemical composition of the ‘‘A” complex 

(per cent, oven dry basis) 


Sesquioxides 

9-97 

15-25 

14-20 

15-50 

Fe^Oa 

4-16 

5-04 

4-84 

4-64 

A1.,0, 

5-81 

10-21 

9-36 

10-96 

GaO 

0-52 

0-38 

0-66 

0-67 

K^O 

0-12 

0-15 

0-18 

0-05 

PPs 

0-051 

0-017 

0-014 

0-015 

Water sol salts 

0-08 

0-037 

0-036 

0-061 

N/2 acetic acid sol bases m. e. 

13-6 

9-6 

9-2 

12-4 

N/2 acetic acid sol CaO m. e. 

12-8 

8-4 

8-0 

11-2 


This soil association occupies a flat topography, out of reach of the floods, 
from which the riverine lands suffer. Weathering has not proceeded to a degree, 
so that soil horizions can be fomed. fn the soil profile, layers are easily distin- 
guishable, by their colour, moisture content and other physical characteristics. 
There is no marked illuviation of sesquioxides in the lower layers. The distribu- 
tion of calcium or potassium in the profile do not show any indication of leaching 
from the top and accumulation in the lower layers. The composition of “A’’ 
complex indicated a typical old alluvial profile, for the composition of each layer 
is independent of the other. Clay, however, indicates that the process of leaching 
has started. It is 35*15 per cent, on the surface which progressively increases upto 
47*26 per cent, at the lowest layer. Since the exchangeable bases do not increase 
simultaneously with the increase of clay in the sub-soi], it may be deduced that the 
migration takes place after it has become a hydrogen clay. The pH of the 
different layers of the profiles also substantiate this. There are occasional dolomite 
concretions of fairly big sizes occuring at random in the soil profile. Their modes 
of distribution give rise to the feeling that these are flood oorne deposits and did 
not occur in situ. Brown iron concretions do occur in the lower layers due to the 
water table rising in the profile during rains and partial waterlogging of the depth 
for some months during each year. 

The profiles of this association are characterised by a heavy subsoil, occurrence 
of brown concretions in layers below, occurrence of isolated dolomite concretions, 
no free calcium carbonate to effervesce, and an illuviated layer of clay below. 
Insect holes are plenty. 

Aman paddy, wheat, potato, sugarcane, gram and vegetables ^ are the main 
crops grown in this area wherever water is available. It is poor in nitrogen, potash, 
phosphoric acid and extremely poor in organic matter. ^ The^ low base satatus of 
the soil indicate that nitrogen should preferably be given in organic form and 
acid forming fertilisers should be avoided. Phosphate may be given, prefer- 
ably as bone meal, though superphosphate is not contra indicated. Potash level is 
also low and therefore potato crop must be supplemented with potash for greater 
production. 
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7. VINDHYAN HIGHLANDS 


I\ror]^holo£ry 

Horizons Depth in inches Dcscrijjlions 

A? . 1-4 Light yellowish brown I0YR(i/4, loam, angular 

blocky, sticky, plastic, friable, plant roots many, harrl 
when dry, slightly acid and jK'rmeablc. 

B? 4-12 Yellowish, brown lOYRh/t), clayey, anguhir blocky, 

more sticky, plastic, friable, abundant '])Iant roots' 
hard when dry, mildly alkaline, ])eiinca,ble tuid con- 
tains irregularly shaped dolomites, lew in imvnber. 

B? 12-34 Dark yellowish brown 10YR4/4, clayey, zone of 

accunjulation, angular blocky, very sticky’ very plastic, 

firm, few plant roots, very hard when dry, mildly 
alkaline, very slowly permeable and dolomites 2 to 3 
inches long are jrresent. 

B? 34-48 Yellowish brown lOYR.5/4, coarse, clayey, angidar 

blocky, very sticky, very idastic, firm, plant 'roots'few 
very hard when dry, mildly alkalimy slowly itermetiltlei 
better than the ti))per layer and dolomites of sizi's 'i 
to 4 inches in length. 


Mechanical and general composition 
(]7er cent, ovtin dry basis) 


Laboratory 

... R-160 

R-l()l 

R-l(i2 

■' R-163 

Depth in inches 

0-4 

4-12 

12-34 


Coarse sand 

3-13 

4‘39 

<)■(><) 

1 7-40 

Fine sand 

.')0-74 

39-22 

30--1I) 

24*43 

Silt 

28-r)0 

27-30 

24-90 

22-40 

Clay 

19-30 

30 05 

,30-80 

35-90 

Air-dry- moisture 

1-82 

2-62 

3-79 

•lh)9 

pH 

6-04 

7-10 

7-ti2 

7-30 

Organic carl>on 

0-5 Iti 

()-I89 

t)-Ili4 

0*151 

Nitrogen 

o-twa 

0*038 

0-030 

04)29 

Soil colour at field capacity 

... l()YRfi/4- 

f0YR5/(i 

I0VR4M' 

li)YR5/4 


Chemical composition of the “A” conpdex 
(per cent, oven dry basis) 

Sesquioxides 
Fe.Oa 
AljOs 

CaO 
KaO 
B2O0 

Water sol salts 

N/2 acetic acid sol bases, m.c 
N/2 acetic acid sol CaO m.e. 

t W J 




This soil association occupies almost an uniform stretch of land on the nor- 
thern half of Vindhyan family of soils. 

The profiles of this group are characterised by the presence of a leached 
horizon on the top and a zone of accumulation at the bottom. The evidence of 
leaching of clay and sesquioxides are quite prominent. The evidence of leaching 
of aluminium, iron, calcium and potassium and their accumulation in the lower 
horizons, however, can be detected by chemical analysis and so is the degree of 
leaching of bases to the lower horizons. 

There exist isolated dolomite concretions of fairly big size throughout the 
profile. A few kutchha wells were examined in this area. They revealed that a 
layer of dolomite is commonly found to occur between 8 to 12 feet. The thickness 
of the layer varied from 6 inches to 18 inches in different localities. Some concre- 
tions from the layer were brought up from inside these kutchha wells at a few place 
and examined. These concretions were found admixed with a high proportion of 
coarse sand and a low proportion of clay. 

The sub-soil water when rises during rainy season crosses this layer and be- 
comes saturated with lime, which prevents the soil profile to become acidic. This 
perhaps may be one of the reasons, for the surface to remain slightly acidic, when 
the sub- soils are neutral to mildly alkaline. Under these conditions of alternate 
leaching and rise of calcium in the soil, that this type of profile group is formed. 

The clay fraction has leached down along the profile and has accumulated 
in the third and the fourth layers. The coarse sand on the other hand is also 
present in larger amounts with depth. These two factors are responsible for 
keeping the different soil horizons, quite permeable, inspite of their high c»ay 
content. 

The area occupied by this soil association is well known for its high soil 
rertility. The area is well suited for irrigation, a lack of which, has hindered fuller 
(exploitation of the soil resources. 

In the accompanying soil map, the boundaries of soil associations have been 
shown either by the river lines or by the boundary lines of the police stations. 
Where this has not been possible, a straight line has been drawn between the 
observed points to indicate the tentative soil boundaries. 
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laterite of kutgh 

-Sjv K, V. s. satyanarayana 

(Didision of Agricultural Chemistry and Soil Science, Indian Agricultural 
Research Institute, New Delhi), 

(Communicated by Dr. S. P. Mitra) 

{Received on 3rd November, 1954) 

The name laterite was originally suggested to a highly ferruginous deposit 
of an indurated clay, occurring in Malabar, South India, which is mostly used as 
building material. The term laterite was used in the geological literature of India 
and by explorers and geologists in many other countries. Laterites were reported 
on sedimentary materials, granites and basic rocks ; at elevations ranging from sea 
level to 8000 feet and under a climate of desert and semi-desert nature to high 
rainfall conditions. A typical profile usually consists of four successive zones or 
horizons iron stone crust or red ferruginous zone ; motted or iron stained 

clay ; white clay or pallid zone and then parent rock. Whitehouse (1940) recog- 
nised the occurrence of an additional horizon of a siliceous character in some 
profiles, tlie silicificd material forming the basal horizon above the parent rock, 
frcciuently, however, occurring in the three other zones. The general uniformity 
displayed in the chemical and mineralogical composition of the laterites, whether 
developed from acid or basic rocks gave rise to much speculation by geologists and 
pedologists about the genesis of laterites and related soils. 

Campbell (1917) distinguished the process of rock decomposition in tropics 
under two categories, alteration and weathering. Alteration takes place within 
the zone of permanent saturation and consists of elimination of much of silica, 
most of iron and some alumina and the conversion of alkaline silicates into hydrous 
silicates of alumina. True weathering takes place above the ground water level, 
while in the intermediate zone of fluctuating water table lateritization takes place. 
As Campbell (1917) puts it ‘‘Laterite is not derived from a rock, but is the result 
of gradual removal of the greater part of the mineral matter of the original rock 
and the gradual deposition in its place of lateritic constituents from passing solu- 
tions.” These views seems to be shared by Prescott and Pendleton (1952'). As 
the sketch map of laterite in India presented by Prescott and Pendleton (1952) 
a])pearcd to ].)c not comprehensive, some observations on the laterites of Kuten 
arc presented here. 

Laterite in Kutch. . The Jurassic rocks of Kutch, marked by the largest assem- 
blage of red an.d ferruginous strata are overlaid in many places by trappean flows. 
At the end of the trappean period some volcanic flows of widely different aspect 
from the rest supervened. The most volcanic looking beds have often a derivative 
appearance but the manner of their occurrence is that of normal amorphous ash, 
perhaps subacj[ueous lava or possibly volcanic mud, that is to say the whole body, if 
it is chemical metamorp losis, is altered (Wynne, 1892). Associated with these rocks 
are the laterites sometimes forming the basal and sometimes the uppermost bed, 
while ferruginous bands of very lateritic aspect appear in the tertiary series at 
some distance above the whole group. As described by Wynne (1892) “the late- 
rites are earthy, compact or nodular and scoriaceous looking, sometimes so highly 
ierruginous as to become an iron ore.” Detached representatives of the subnum- 
mililic group, with its constant laterites, gypsum shales and white earthy rock occur in 
Eastern Kutch. Agates are usually embedded in tne ferruginous lateritic rocks. 
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Description of Laterite profile. The hillocks in Wagiid tract ol hustoni Kiitch 
are devoid of soil cover and vegetation exposing an iron crust, 

A typical section of the profile examined near Adesar, stern Ivuic’h sliowcd 
one to two feet deep hard, highly ferruginous laterite crust, IoUowchI by a zeme; of 
white earthy I'ock with tliin yellowish brown and I'cddish brown bands of iron 
oxides which gradually disappear with depth. This zon<^ o(^ aJ>out (our to five 
feet extends into a pallid zone of white clay of great depth, d'lu^ unchu'Iying^ rock 
ij not seen in the cuttings exainined but according to Wyiuu' (1B92) tln^y tire jura,s- 
sic formations. A close examination of the laterite^ crust showed w<uik huniimtions 
and the interior of the rock, when split, sliowial nuiirdy Iienmtite a,nd traces of 
weathered feldspar. 

Results and Dx'sccrssroN 

The data on chemical analysis of laterite and white clay is given In tal)lc I 
and the mechanical composition of the white clay in table 1 f. The while clay 
showed a pH value of 8*3, 0*05 per cent, soluble salts, cation exchange capacity of 
6 m.e. per 100 gms. and 37*6 per cent, water holding capacity, irhe laterite crust 
contains next to quartz a high amount of iron and less('r amounts of soluble 
silica and alumina. The white clay on tlu^ other hand conlains (‘onskhu'abh' 
amounts of solulxle silica and alumina and less than 2 ixn* cemt. of iron, both the 
samples contain traces of titanium, mangan<‘se, calcium uuvngiuNsitnn and pobissiunt 
which are included under the item “undetermituMr^ in tahh^ t. A rcca,l(Uila(ion of 
the results on the assumption that all tlu^ alumina is pr<^seut as Kaolin showeel 
that the soluble silica as determined ))alanc(^s tlu^ aJumina. It is lijudy (hat aJl 
the iron is not present as ferric oxide and the 1)alance of waten* (('.f. lal>h* I) t‘xisis 
in the hydrated forms of iron oxides, ddui low cation cxchangi^ i'.a]>a(‘iiy o (' (In': 
white clay is in keeping with the calculated Kaolin vahuu Possibly (In'; sand Is 
present as quartz while the silt amd clay nearly corr(^s)[)ond to I lie Kaolin contmd. 
It appears that in the laterite in addition to iron there is also an ac't'umulation of 
silica as observed by Whitchouse (1940). 


Loss on ignition 
Quartz ' 

Soluble silica 
H. F. residue 
Iron (FegOa) 
Alumina (AI 2 O 3 ) 
Undetermined 


Kaolin 

Quartz 

FegOg 

H 2 O 


TABLE I 
Chemical Analysis 

Laterite crust. 
5*93 
48*20 
9*07 • 
0*()0 
27*20 
I'&l 
1*38 


100*00 


19*4 

50*2 

27*2 

•*" 3*2 


I ()()*0 


Whiles 

9*29 

38*20 

20*70 

0*19 

1*90 

22*70 

1*02 


100 *00 


57*3 
39*‘l 
1*9 
1 *•! 

100*0 
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Table ii 




Mechanical Analysis 



Particle size 

Amount 

Particle 

Amount 


in m. m. 

■present 

size in m. m. 

present. 

Clay 

<•002 

29-0 

< -005 

37-0 

Silt 

0-02 to 0-002 

: 22-4 

0-05 to 0-005 

30-0 

Fine sand 

0-2 to 0-02 

48-0 

2 to-05 

33-0 

Coarse sand 2 to 0*2 

0-6 




The laterites of Kutch are similar in tneir morphology and chemical pro- 
perties to such formations reported elsewhere and may be regarded as fossil material. 
Green (1947) discounts the theories on the accumulation of sesquioxides (laterite) 
as due to upward leading of solutions. In Southern Sudan. Green (1950) reported 
contemporaneous formation of xaterite material occurs not in plateau but in valley 
sites where subsoil water table is fluctuating and change occurs after a fall in the 
water table and not due to ascent of some laterising solution. In the flood plains 
of Rann of Kutch water stands 4 to 5 feet high in the monsoon months and sinks 
5 to 6 feet or more below the ground level in dry period. In some profiles 
examined in this salty barren tract, Satyanarayana (1951) reported with top or 
sxirface gley liorizon the lower layers are conspicuously stained with iron oxide in 
vertical streaks and channels and a zone of incipient iron pan formation above 
the gley horizon when it is at some depth. Satyanarayana and Datta (1953) 
observed intense activity of sulphate reducing organisms in deep gley horizons, 
negligil)le activity in top gley horizons and an inconsistent activity in the iron 
accumulation layers. Gleying is a phenomena observed in wet soils and some of 
the ))roccsses taking place under such conditions may be comparable to the laterite 
process of the past but we have not sufficient knowledge at present. 

From the several publications it is clear, however, that the accumulated 
laterite constituents may be {a) predominantly iron (b) iron and alumina and (c) 
bauxite, with an occasional resilication or accumulation of silica in some of the 
horizons or zones. The solution or precipitation of silica and alumina are governed 
l.>y the prevailing pH, while in the case of iron the processes are regulated by the 
pH and oxidation-reduction potentials. In these reactions the possibility of some 
of the bacteida, like sulphate-reducers and iron bacteria, playing an important role 
is not ruled out. The occurrence of laterite horizons in soils and pedogenesis over 
laterite crusts may be indicative of processes in time under changed conditions. 
A great deal of the theory of soil formation is still largely a guess work, inade- 
quately supported by experimental data. (Alex Muir, 1947). It is most likely 
that the processes responsible for the formation of laterite horizons in the past are 
at work in the present also but since the several steps involved are not clear a 
confusion of ideas on their genesis is persistant. 


SUMMART 

Laterites are reported in the tertiary formations of Kutch. They are mor- 
phologically similar to such formations in other places. The laterite crust is ferru- 
ginous and the pallid zone contains kaolin and quartz. Possibly processes analogus 
to those operating in present day wet soils with gley horizons were responsible for 
the formation of laterites in the past. The genesis laterites may become clear 
wlien the several steps in the process are established experimentally. 
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Soil formation under forest cover 

By S. UPADHYA 

[Deparhnent of Botany^ University of Saugar, Saugar) 

(Communicated by Dr. R. Misra) 

[Received on 9th November, 1954) 

While dealing with the natural soils of Saugar opportunity was taken to study 
the exact physicochemical role of tree litter in the development of soil. The site 
selected for the study was Patharia forest near the University of Saugar. The 
forest has been described by Misra and Joshi (1952) as monsoon decidous type with 
regional dominance of different species which deposit appreciable amount of litter 
in the spring season. The object of this paper is. to assess the pedological behaviour 
of the substratum following the decomposition of the annual deposit of the litter 
as derived individually from ten common species of the forest. 

The terrain consists of undulating plateaux and,, wide valleys built of the 
northern limit of the Deccan trap. The successive lava flows gave rise to the 
basalt with lime rich intertrappean beds. The soils arising out of this parent 
material are the red coloured soils of the plateaux tops and the black '-regur’ soils 
of terraces and valleys. The red colour of the soil at the summits of hillocks is 
due to excessive leaching of monovalent and divalent bases and silica leaving be- 
hind a mixture of hydrated oxides of iron and aluminium imparting the charac- 
teristic colour. The intensity of silica loss and sesquioxides accumulation is remark- 
able in tropical weathering of traps. Pot-culture experiments were set up in the 
botanical garden as follows : 

Red soil collected from the top of the hillock was thoroughly mixed and kept 
in twelve wooden boxes (10" X 8" X 8") in March, 1953. The soils in ten boxes 
were covered with 75 gms, odich. of the litter o£ Anogeissus loiifolia, Teefona grandis, 
Termin’olia tomentosa, Aegle marmelos, Lager stroemia pariiflora, Anona squamosa^ Soccc- 
petalum tomentosum, Madiica laiifolia, Diospyros melanoxylon and Butea monosperma 
respectively a'nd the elventh box had a mixture of ah these and the tw^elfth was 
left as control. Decomposition of the litter was recorded monthly by estimating 
the fall in carbon-nitrogen ratio, change in pH and evolution of carbon dioxide. 
Litter analysis of all these plants is given in table I. 


TABLE I 


Species 

Aegle marm 
Anogeissus lat. 
Anona squam. 
Sac. tomentosum 
Dio. mcianoxy. 
'1\ tomciitosa 
Tectona grand. 
I.agcrst. parvifl. 
Butea. monosp. 
Maduca lat. 


Litter Analysis 


Ash content 

0/ 

Silica 

Sesq. 

7 

/o 

16-54 

/o 

13-46 

/o 

0-10 

11-84 

7-62 

0-95 

8-42 

5-24 

0-70 

8-78 

6-23 

0-35 

4-86 

2-58 

1-10 

12-62 

9-20 

0-40 

24-60 

20-64 

0-30 

5-48 

2-44 

0-90 

. 13-40 

8-84 

1-05 

. 7-68 

4-76 

1-25 


CaO 

MgO 

o/ 

K,0 

7 

P2O5 

“/ 

V 

1-792 

Jo 

0-17 

Jo 

0-384 

/o 

0-174 

2-226 

0-43 

0-348 

0-156 

1-708 

0-10 

0-320 

0-156 

1-582 

0-28 

0-360 

0-219 

1-316 

0-10 

0-160 

0-117 

1-904 

0-23 

0-288 

0-108 

2-860 

0-34 

0-480 

0-090 

1-162 

0-12 

0-276 

0-228 

3-010 

4-47 

0-504 

0-132 

1-701 

0-21 

0-304 

0-216 
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The soil was analysed for Its various properties in Novcinlier, 1954 alfer the 
litter had disappeared. Methods of analysis as given by (1952) a,nd A. O* 

A. C. (1952) have been followed. Tlie results in general give following seepuauu^ 
of rapidity in decomposition as found for the ten spcu'ies marme/os\ Anogeissus 

latifolia, Anona squam,osa, Saccopetaliirn tornentosuru^ Diospyrox nwlarioxylofi^ lerrninalia 
tomentosay Tectona grandis, Lager xtrocmia parmjlora^ Buka monosperma and Maduca 
latifolia. 

We know that all plant fonnalions wh(9her big or small do ('xcai c(;rt;iin 
influence on the various properties of soil l>ut all lhcs(‘. formations do not Ixu'onn''. 
a soil forming factor. It is only that aspect of veg(9at ion a. \Soil forming faetor' 
which can affect the property independently i.e., the changes prodiamd may not 
be correlated to any other factor of soil formation. To acliievt^ this end, tiunav 
fore, all other factors of soil formation were kepi constant in tlu^ l)ot culture 
experiments to correlate the various properties of the soil with tlu^ nature of 
litter. 

Changes in VARtous PirYsrcAL Properties of thp: Son. 

Soil voater relations. — From the ecological point of view the two (T‘itiea.1 (tuatvti- 
ties are capillary water which upon reaching its maxinunn (h':t(‘rrnines tlie fudd 
capacity and non-capillary water which gets drained under tln^ inlluema^ of gravity. 
During lh.e present course of investigation it has betmi found tha.t capillary wattua 
gravitational water, moisture conttmt and wattu'-holding capa.eity iiu’rta'ist^ witli tlu^ 
addition of organic matter. (Ta.l>le 11), Not only dillercnt ly'|)<n of soil wa,t(‘r arc; 
improved but their relative cjuantilics are determined by the rate ol‘ dcH'omposition 
of various plant litters. 

I’ABLE II 


Organic MATTiiR and Soil WA'inoi Rm.ATioN 


Species 

Loss on 

Moisture 

Ficrid 

Water 


ignition 

content 

cap 

holding 


% 

y 

/o 

7 

/o 

(•aj) 

Aegle marmelos 

8-624 

1-854 

26-90 

42-02 

Anogeissus lat. 

9-146 

2-157 

27-71 

42-11 

Anona squamosa 

9-493 

2-470 

27-7'l 

45-37 

Saccopetalum tom. 

9-493 

2-226 

27-80 

45-82 

Dio. melanoxylon 

9-504 

2-293 

28-13 

•l5-8() 

Term, tomentosa 

9-734 

2-321 

30-(i5 

46-00 

Tectona grandis 

10-230 

2-547 

30-66 

47-30 

Lager, parviflora 

10-520 

2-591 

30-70 

47-12 

Butea monosper. 

10-982 

2-565 

30-64 

50-08 

Maduca latifolia 

11-884 

3-016 

3()-87 

52-10 

Mixed 

9-786 

1 -934 

28-80 

■18' 1 3 

Control 

6-112 

1-652 

22-41 

41-01 

Pore volume . — 

■Weight- volume 

ratio decrease 

:s wilh (lie 

addidon of < 


matter. Thus organic matter helps in opening up esanpaet soils. Poia* spa,<‘e iua.y 
either be capillary or non-capillary, former being inr()or<a,n( in wa,l(*r holding 
capacity and the latter in determining air eajiacity wld(’h eonli'ols infermd <lra,ina.g<* 
of water. Natm'e of pore space, lhcrefor(‘, is v<n'y imporlant b(a*a.us<' il d(aermin(\s 
soil water and soil air and ])oth of them are itnj)rov(Tl ))y tlm ad(Uli<ai o(‘ organic, 
matter. It has been observed that tlic incrcas(^ in port‘ voliina^ is not d,ue (o (lu ^licld 
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capacity in practically all cases, this has been on the other hand markedly influenc- 
ed by air capacity. Non-capillary pore space, therefore, significantly increases 
with addit ion of organic matter. 


TABLE nr 

Son« Aeration in Relation to Organic Matter 


Species 

Loss on 
ignition 
% 

Wt./Vol. 

ratio 

Air 

capacity 

7 

/o 

Percen- 

tage 

pore-vol. 

Aegle marmelos 

8-624 

1-20 

27-50 

54-40 

Anogeissus lat. 

9-146 

0-86 

39-61 

67-32 

Anona squamosa 

9-493 

0-96 

35-76 

63-50 

Sacc. tomentosum 

9-493 

1-40 

19-00 

46-80 

Dio. melanoxylon 

9-504 

1-10 

32-20 

62-30 

Term, tomentosa 

9-734 

0-80 

38-65 

69-30 

Tectona grandis 

10-230 

1-50 

17-34 

48-00 

Lag. parviflora 

10-520 

0-87 

37-24 

67-94 

Bute a monosp. 

10-982 

1-50 

8-36 

39-00 

Maduca lat 

11-884 

1-00 

31-13 

62-00 

Mixed 

9-786 

1-25 

25-00 

53-80 

Coutrol 

6-112 

1-81 

9-20 

31-60 

Soil simetuTP. — Soil structure which is a function of aggregation depends on 


two factors namely clay fraction and cementing material. During the present 


investigation it has been found that organic matter increases both clay fraction 
and granulation (Table IV). 

TABLE IV 

Soil Structure in Relation to Organic Matter 



Loss on 


Clay 

Aggre- 

Species 

ignition 

7 

Humus % 

fractions 

7 

gates 

7 

Aegle marmelos 

/o 

8-624 

0-612 

/o 

10-240 

/o 

16-88 

Anogeissus lal . 

9-146 

0-636 

10-750 

18-57 

Anona squamosa 

9-493 

0-680 

11-365 

19-00 

S accopetalum tom . 

9-493 

0-468 

12-590 

24-11 

Dio. melanoxylon 

... 9-504 

. 0-994 

13-225 

24-28 

Term, tomentosa 

9-734 

0-896 

13-335 

24-32 

Tcctona grandis 

10-230 

0-808 

13-400 

28-98 

I^arg. ])arviflora 

10-520 

- 0-874 

13-790 

30-86 

But c a monosp erm a 

10-982 

1-052 

14-354 

31-53 

Maduca latifolia 

11-884 

1-188 

14-396 

32-02 

Mixed 

9-786 

0-904 

14-120 

23-99 

Control 

6-112 

0-586 

7-850 

12-78 


These observations are in line with those of Warming (1909) and Baver (1940). 

However, subsequent workers like Metzger and Hide (1938), Stauffer and his co- 
workers (1940), Li and his co-workers (1942), Browing and Milam (1944-), MpHenry 
and Newell (1947), Ackerman and Myers (1943) and Rost and Rowles (1941) have 
found no relation lietween organic matter and aggregation because the soil revpts 
back to its original structure after the removal of organic inatter by ch mical 
oxidation or biological decomposition. It has been found m the aggregate 
analysis of litter treated soils that silt and clay fractions are considerably reduced 
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and the amount of fine sand increases proportionately. 'Plierc; is no cIkuilu; wluUso- 
ever in coarse sand size. It is, therefore, concluded (InU siit and cluv fraclions 
aggegate to form compound particles of fine sand .size. Aggn-gation imu-eases as 

Sih™ in decreases. Thus it is maximum in Madnca Inti folia and 

minimum m Aegle mamelos and others vary between lhes(> (wo extremes. 

CIiTKANCfKs IN CTTi^MrcAL PuoW'.Trni’:*; 

Contrary to the general understanding, (hat (he le:i.f falls, th-eomposes and 
the mma-als therein arc added to the soil, it has lieen found dial (he minerals are 
removed from the soil as a result of addition of orga,tiie mailer (Talde \'). 

TABIJ'l V 

Effect of Litter on the Mineral oi' Soil 


Species 


Aegle marm. 
Anogeissus lat. 
Anon a sqna. 

Sac. tomentos 
Dio. melanoxylon 
T. tomentosa 
Tectona grand 
Lagerst parvi. 
Butea mono.sp. 
Maduca lat. 
Mixed 
Control 


Loss 

Field on cm- 
cap igni- '' ‘ 
t ion 

26- 90 5-24 51-96 

27- 71 6-70 52-63 
27-74 6-10 52-64 

27- })0 6-84 .5()-74 
2B-I3 6-30 52-25 
30-95 5-30 50-22 

25- 66 7-40 51-56 
30-70 7-60 51-76 

26- 64 5-60 50-77 
30-87 7-56 50-13 

28- 80 6-02 51-95 
22-41 4-92 53-95 


CaO MgO K^O 


7- 80 0-868 

8- 09 1-028 
8-58 0-742 
8-47 0-994 

8- 49 0-721 

9- 38 0-i;93 
9-78 0-889 

7- 41 0-910 

8- 04 0-756 

7- 04 ()-7(i7 

8- 96 0-742 
10-45 1-280 


0-44() 0-58 0-011 
0-973 0-63 0-027 
()-38() 0-63 0-012 
0-4.50 0-50 0-022 
0-370 0-61 0-070 
0-362 0-53 0-016 
0-730 0-60 0-0 1 9 
0-460 0-41 0-0(i8 
0-350 0-52 0-030 
0-290 ()-65 0-048 
0-380 ()-54 0-029 
0-880 0-84 0-082 


This anomaly can be explained -when the leaching- is considered in the liid.i of 
plant coyer. Soil, without any cover becomes inipermcabk^ <lu(^ to iho li ^ • 

of ram drops »hici, ic, loose iL e<,iioid,i pariicierb! i. s .t ™ lo oi r.;:;;;? 

the pores with the result that infiltratiou ceases and leaehiul d,™ . r S 
soluble salts, IS avoided-. The reverse is true whh liM<-r ti- \ i i 
protective action of organic matter, the pores rernai, 1 • , I ' 
drainage is facilitated which hcl-ps in rimovim/ ihe sol ,I s- L wi" '‘' If 
leachate from the control and litter ’ treated soils wen- ' am Is ed i • s 
calcium, potassium, etc., only ca'cium was found (o b - 
quantity. While the amount of calcium (-pe,- unit volmmd ^ f 
control was double of that of the treated ixs the ,uu h-at-I in '' o(' ’!m<-I 'I"' 

latter was appreciably higher : this is dueV. the greateV i I ( l’‘ "“i 

subsequent removal by downward percolation facilil-Ucd 1 v i ^ <>( h .u4ung and 

matter. This fact would explain tL clcrrc' - ! li, ^ ‘"•KHnie 

after addition of organic ma?teT iu7elea frL e 

sesquioxides are washed away from the litter tJ^m- 7 u' *' t“'\' 

conditions the high temperature causes a rapid mincXlbm - ''r 

and mcreares the solubility of alkali and all organic n\siduc.s 

out by percolating water aUng wh sm^^^^^^ ^Och are leadu-d 

results which helps the accum^ulat L^f in^ nn 1 ^ 

their insolubility at neutral reactior 
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capable of existing in collodial condition which are very sensitive to electrolytes. In 
the absence of lime, as in the present case, and in the presence of water, humus 
tends to pass into a collodial solution which unlike the sols, of iron and aluminium 
is not very sensitive to electrolytes. In a solution, therefore, which contains humus 
sol. and iron and aluminium sol., the former protects the latter rendering them less 
liable to precipitation. Thus in soils with free drainages like all those treated with 
litter, percolating water carries away iron and aluminium hydroxides. Secondly 
different organic acids produced during the decomposition of various litters have a 
remarkable solvent action on iron and aluminium. Iron and aluminium dissolved 
in organic solvents cannot be precipitated by ammonia probably due to formation 
of a complex radical and that is why inspite of tkeir presence no precipitate for 
iron and aluminium was found in the leachate from the experimental pots. 

Exchangeable bases. — Exchangeable metallic cations and base saturation dec- 
rease and exchangeable hydrogen and exchange capacity increase as a result of 
litter treatment (Table VI). 

TABLE VI 


Effect of Organic Matter on Exch. Bases 


Species 

Loss on 


Exch. metal 

Exch. 

Total 

% base 

ignition 

- 0 / 

/o 

pH 

cations 

m. 1. 

Hydr. 
m. 1. 

exch 
m. 1. 

saturation 

Acglc marrn. 

8-624 

7-09 

56-4 

28 

84-4 

66-8 

Anogeissus lat. 

9-146 

6-69 

52-4 

27 

79-4 

67-7 

Anona squam. 

9-493 

7-20 

52-5 

31 

83-4 

62-8 

Sac. toment. 

9-493 

7-37 

52-5 

35 

87-5 

60-0 

Dio. rnelanox. 

9-504 

7-20 

54-5 

32 

86-8 

62-7 

T. tomentosa 

9-734 

6-73 

52-5 

15 

67-5 

77-7 

Tectona gr. 

10-230 

6-65 

52-5 

16 

68-5 

76-6 

Lagers, parv. 

'10-520 

7-07 

56-4 

11 

67-4 

83-6 

Bute a mono. 

10-982 

7-10 

50-5 

15 

65-5 

77-7 

Maduca lat. 

11-884 

7-34 

58-5 

12 

70-5 

82-9 

Mixed 

9-786 

7-36 

54-4 

12 

66-5 

81-3 

Control 

6-112 

7-40 

64-4 

2 

66-4 

96-9 


Amount of exchangeable hydrogen depends on the nature of organic matter 
and increases with the rate of decomposition. Thus Saccopetalum tometitosum and /inona 
squamosa^ least resistant, have the maximum value and Maduca latifolia and Lagers- 
troemia parvifiora, most resistant, have the minimum value for exchangeable 
hydrogen. It is seen from the Table VI that high acidity is not caused by exchange- 
al)lc hydrogen otherwise maximum acidity would have been in Saccopeialum tomentosum 
or Anona squamosa but it is more likely that high acidity results from the soluble 
salts of iron and aluminium. 

Fe CI3 4“ 3H2O Fe (OH)3 +3HC1 

SUM MART 

1. The effect of ten forest tree litters on the various physical and chemical 

properties of the soil have been studied. ^ 

2. Moisture content, organic matter, water holding capacity and held 

capacity increase with the organic matter. ^ ^ 

3. Soil structure, physical texture and aggregation are improved. 

4. Pore volume and air capacity increases when the soil is treated with 

organic matter. 
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5. Organic matter, in cUfTcrent stages of decay, a,ccii:iniiiat<-s in varying 
cjuantitics. 

6. The downward movement of soluble materials 1)%' per(;oIa,ting wa.(er resnlls 
into gradual impoverishment of the surface soil. 

7. Cation exchange capacity increases with orgtinic matter. 

8. Colloidal particles attain high liydrog<'n ion content a,iul e<)rr<'siiondinglv 
low contant of metal cations. 
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SECTION— d 

SOIL CONSERVATION AND MANAGEMENT 

PLANNING FOR SOIL CONSERVATION IN THE DAMODAR VALLEY 

ByS. P. S. rfiOTIA 

{Survej & Planning Officer^ Soil Conservation Department^ Damodar Valley 
Corporation^ Hazaribagh) 

(Received on 9th October, 1 954) 

Soil conservation aims at better land use. The best use of land is one in 
which land produces the maximum and deteriorates the least. 

The upper Damodar catchment has an , area of nearly 4*4 million acres, 
out of which 1 million acres is forest, 0*8 million acres paddy, 0*8 million acres 
forest, 0*8 million acres upland, 1*0 million acres wastelands and remaining 0*8 
million acres is under settlements, roads, etc. 

The southern half of the upper Damodar catchment is drained by Damodar 
and its tributaries. The northern half is being drained by Barakar river and its 
tributaries. The Barakar catchment and in particular the sub-catchments of Usri 
and Irga are the worst eroded areas of the valley. The present state of catchment 
is conducive to high runoflf coefficient. The amount of rainfall of upper Damodar 
catchment averages about 46*5/' with a maximum of 64*3" and a minimum 
of 30*6". 

Soil conservation planning has two main objectives. The first is to maintain 
soil productivity by practial measures for conservation’ of soil and water. The 
second is land use adjustments in headwater areas to protect and further the 
effectiveness of downstream engineering works, of retarding runoff and . decreasing 
rate of silation. 

Method of approach in planning,— Soil conservation ‘planning in the upper 
Damodar Valley has been taken up within each catchment boundaries, since soil 
erosion is essentially a phenomenon of a catchment unit. The whole of upper 
catchment has been divided into a number of sub- catchments for the purpose of 
planning and execution of soil conservation measures. The catchment is a body 
of land bounded on the upper side by a ridge or water divide and at the lower 
and by the level at which water drains out. In each small catchmenfsoil conserva- 
tion surveys are being conducted on the u*plands, wastelands denuded forests and 
gullied lands to obtain the basic data of soils (soil depth, texture, permeability, 
external drainage pattern, etc.), erosion and present land use, to prepare land 
capability map delineating land capability classes, suggesting recommendations 
for erosion control on such lands by putting the lands to the use to which it is best 
suited and recommending measures it needs to bring it into productive condition. 
It is proposed to prepare working plans for each small catchment after a study 
of land capability classes. . . 
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Preparation of working plan for soil conservation /or a 

tion of a working plan th'; following points arc gjvcn c u(. oi • ■ • 

(1) Plan as far as possible, must apply complete; lrc|Unuuin 

treating the land and be simple to be lollowcd by Imnu is, 

(2) The problem of S()il conservation has In be tackled both, on cultivated 

as well as wastelands in each catdnnenU 

(3) Idanning must be based ini land capaldlities with due consideration oi 

socio-economic conditions ol the a,rea, 

(4) Planning for water conservation is of utmost importance m the valley, 

(5) Soil and water losses are a direct result ol rjunlall and lumce sod con- 

servation planning must be based on hydnigraphie units. }'(,r clesigu- 

ing erosion control structures with proper ('rititaJ i unoil 

is calculated. 


A working plan constitutes some of the following soil and water cimsm'vation 
measures depending on the nature of catchment: 

(1) Proper management of existing forests and aflorestaJ iiMi h> i ch,aJ)ilit»iio 

waste and eroded ai'cas, 

(2) Reclamation of uplands, wastelands for ynuldy, upland cultivation, 

pasttire or forests according to la,nd (uipiihiHiy, 

(3) Terracing of uplands with low, broad grachul chiuuud ivxviuTH witli 

stabili'/ed ontlets, following soil conservation, crop rotations and contour 
tillage with adectualc fertUf/ation and green manuring, discouraging 
up and down cultivation, 

(4) Fertilization and irrigation facilities for paddy fields, 

(5) Fodder production in Kharif and Ral)i to reduen excessive gra.zing and 

encouraging stall feeding, 

(6) CWtrolling gullies by some of the following k'iuvtiuents, depending on 

location, dimensions and various other factors : 


{a) Protection from grazing, 

(6) Head sloping of most active gullies and csiu,blislung gra.ss by sodding 
and seeding, 

(r) Where upland fields drain into gullh:s, collect the dra, inage wiUcv in 
broad shallow sodded channels (diversion chanmd) which rtm 
parallel with gullies and discharge lliis water into gullies at inti'rval 
through sod and stone flumes, 

(d) Check Dams, 

{e) Conversion of some gullies into paddy fields or anbrestaden according 
to suitability. 

Suggested approach for execution of working /;/arc— Fo achhaa^ the naaaiummda,- 
tions implemented on all the uplands, wastchuids, gullied lands within a ca((‘lntnmt 
which belongs to different cultivators of the saam^ vilia.g<m)r of diflcrcaU villa, ges, 
it is essential that approach be made to ])ersiuide villa, g(a's (may be llirough 
Panchyat to coerce the unwilling minority into doing what tlu^y arc Ufid to do) 
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having lands with common problems to accept the measures. In a way, plan for 
each farmer s land separately is not possible for holdings are scattered. In the 
absence of regular consolidation oi holdings, the best way to get this programme 
of soil conservation started is by giving demonstrations of soil conservation mea- 
sures to the villagers on their lands, and a voluntary consolidation of holdings and 
joint management of the measures like terrace, etc. made on such lands is necessary. 
It is to be stressed that by far the greatest amount of soil conservation must be 
done by the farmer himself on his land with his equipment cr equipments within his 
means. Farmers must participate in the programme. Soil Conservation Department 
of the Damodar Valley Corporation have started the work with 50% contribution of 
the Damodar Valley Corporation, in the shape of seeds, fertilizers, equipments, 
etc. and remaining 50% or even less sometimes from farmers in the form of labour 
or material. If farmers are willing to contribute all the labour, then a propor- 
tionate amount saved from this is diverted to give them seeds and fertilizers, etc. 
In the initial stages any state will have to spend more for such works, and once 
the programme gets started, it will be taken up by farmers themselves. 

For final execution of recommendations; a detailed contour survey of blocks 
of lands already soil surveyed and needing protection, is undertaken which will 
determine the specifications for terracing (vertical internal, grade of channel, etc.), 
gully control structures and water disposal systena as influenced by rainfall intensity 
and critical runoflF. 

A REVIEW OF SOIL EROSION AND ITS CONTROL IN 
NEW SOUTH WALES (AUSTRALIA) 

'■^ByN.D.KlGE 

(AsyL Soil Conservation Officer^ Government of India Research 
Centre^ Octacamund) 

(Communicated by Dr. S. P Mitra) 

Soil erosion is a great menace to any country, and particularly so in the 
case of a country whicli has to depend on Agriculture fer its national economy and a 
l)eiter standard of living. It is the primary need of such a country to maintain the 
surface soil rich in nutrients and possessing fine structure. Probably every country 
in the World is subject to erosion whether more or less severe and New South 
Wales is no exception to this. The climate and soil conditions are such that the 
soils get torn off at a very rapid rate. This is further helped by the unwise, 
intensive as well as extensive use of the land. These factors have taken such a big 
toll of the land that nearly half of the total area in central and eastern divisions 
of the state have suffered through moderate or severe erosion. 

Erosion Survey of the above mentioned areas revealed that 38 % of the 
area under the two divisions has been severely affected. Over a million acres 
covering an area of about 1856 square miles have been found to be beyond repair. 
This area was in the initial stages very productive, but as mentioned earlier, due 
to faulty practices of cultivation the land has now become unproductive. A further 
area of 85,700 square miles constituting about 55 inillion acres have undergone 
moderate erosion. This gives a fair idea of the magnitude of the soil erosion that has 
already taken place and the gravity of the situation. 

=^’'1 he article is based on the information and data codecled by the author dur.ng a two 
months study tour to Australia under the Colombo Plan. 
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Water and. wind erosion are the most important (yp(^s. Water erosion is Iti 
severe form on undulating and cultivated lands, particularly so in the wheat belt 
and on steep lands which are tK)iinally overgrazed. Wind erosion takes the shape 
of scalds or shifting dunes and is very common in the areti where ih.e rainlall htirdly 
ly exceeds 15-18 niches and <»n the ptislure huids whieii are overgr;i/,ed. Orcdiard's 
and other crops taken on steep hills in the high rainfall armas are al.'o vm-y sus- 
ceptible to erosion wliich takes the foim of gully and slieel ei'o.sion. I t is |)rnposed 
to discuss here only the erosion duct to rain. 

Soil erosion research condueted at didereiit stiiUons in New South Wtiles 
reveal very interesting figures. The Wellington Resi-areh Station wliieh is in tin; 
midst of the farm lands started its work on praelieally liighly eroded land. Tlie 
account of soil and water lost from the wheat eroiiped areas 'during the ju-riod of 
preparation of land and the harvest of the wheat crop is on an avera.g(' of 9,470 Ihs. 
of sell per acre and 13-6 % of the rainfall re.spcctivcly. At (k.wra, soil and water 
erosion has been studied under different treatments on well laid out plots eaeli 
having an area of 1/40 acre and measuring approximately B 13() fi. 'I'he follow- 
ing table gives the figures for mean annual runoff and soil loss during the iieriod 
of seven years of experiment : 


'.rABLl'i 1 


'rreatmcTU: 

Wheat 

fallow. 

Wheal 

ley 

fallow 


Sown 

'pasinrf' 

I ^aiul 

ri'(nn 

<’uU tval ion 

Soil loss in 1I)S. ))cr 
acre 

3,733 

1,388 

1,197 

1 .058 

liBB 

Runoff in inches 
per acre 

1-27 

0-89 

1-37 

l•28 

0-Bi 


Further it has been observed at this station that “with the inerease in the 
length of plot there is a proportionate decrease in the runolf but the smalh'r run 
moves proportionately more soil.’’ 

At Wagga-Wagga the avcr;i,ge nmoff (^an.sed by live mins reve.il that 81 ,/ 
comes out of wheat .stubble plots, 42 // out of fallow phii.s ajid 2,5 (uii of iia.stnre 
plots. The soil loss over the samejK-rind from ihe.se plots is I,lil9, 4,089 and 19ti Ihs. 
per acre respectively. 

These findings came very handy when the imnlmds of soil eonservatinn were 
chalked out. In the beginning there was a belied' that soil erosion can be e<m- 
trolled only by mechanical means such as using big earlli moving imichiiu'ry which 
means high cost of ecpiipment, etc. It is true that mcehanieail means are a neee s- 
sity where the lands have been so eroded that the parent material or rock is ex- 
posed and other normal methods are useless. Bill it was realised I hat to iliink in 
terms of only mechanical means would be a folly. Measures were ihendorc adoiit- 
ed for treating the different stages of erosion with dilhn-enl meihods of <-nnlrol. 

It is well known that the best method of protection for ihe hind against 
erosion is to have appropriately selected vegela,lioa. In eases of very serioiis ero- 
sion it is primarily important to control ninoir hefore vegrlaiion can he intro 
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cluced and therefore it may be needed first to subject the area to mechanical 
means of control such as laying out contour furrows, contour and graded banks, 
water ways, diversion banks, etc. The mechanical devises laid out will no doubt 
be dependent upon a number of factors such as soil type, slope, climate, and the 
stage of erosion. The agronomic way of prevention of soil erosion is to put the 
land to proper use by pasture improvement, crop rotation, contour cultivation, etc. 
Thus it can b^ seen that the soil conservation problem can be effectively tackled in 
two ways, namely by mechanical means and by correct agronomic practices. The 
mechanical control methods help to increase the time which the surface water will 
take for the flow from the area . This will mean increase in the concentration of 
the moisture in the soil which in turn will decrease the runoff. 

The mechanical method as mentioned earlier consist of laying out contour 
furrows, contour and graded banks, diversion banks, etc. Out of these the most 
economic and effective seems to be the laying out contour pasture furrow. These 
pasture furrows have the effect on controlling the runoff and pasture seeds are 
normally caught in the furrows instead of being wasted or blown away and in view 
of the sufficient moisture in the soil, thick pasture grows rapidly. These are usually 
used on grazing lands having high slope. These pasture furrows indirectly help 
to improve the quantity and quality of the grasses. In laying down these contour 
furrows a road plough is used. Sometimes even a reversible type of disc plough 
is used. 

ConLour banks are normally taken u;p on slopy cultivated lands and are 
mostly graded and broad based. The lengths are normally less than 1,500 ft. and 
very rarely the grades exceed 0*5 % at the furthermost points. These ffiave been 
found to be very eflective in controlling erosion and runoff even in the black soils. 
It is of xitmost importance that immense care has to be taken in the fi-st two 
years of their construction as very heavy rains during this period might cause 
breaches. Normally these are protected by diversion banks and grassed waterways, 
the latter being most essential step prior to laying out contour, gra,ded or diver- 
sion banks. These banks are either laid out by using grader or dozer or disc 
plough as the case may l)e. 

Holding dams are mainly constructed for preventing erosion by control of run- 
off flow to the low lying areas. These are further used as water supply for the stock 
as well as domestic purposes. These can be constructed by using dozers or scoops. 

Coming to the agronomic practices in the control of erosion and run off, the 
first important point to be borne in mind is the proper land use. Much attention 
is paid to l>ring the land under cultivation to best suited crops. Intensive cultiva- 
tion is limitecl to flat areas and areas having gentle slopes. The steep areas are 
put to pasture only when these are protected by contour or graded banks. Further 
inferior areas are normally not cleared at all. 

The next step taken is to see that the cultural operations and sowing are done 
in contour. When the pasture is sufficiently grown, the area is grazed very judi- 
ciously avoiding over stocking. This helps in keeping the required cover on land 
in times of rain" This is conveniently done by adopting rotational grazing and avoid- 
ing large stocks. Care is also taken to see that these areas are not infested by 
rabbits wluch do a lot of damage in the absence of proper control. Further, close 
altcnlion is given to improve the pasture in such a way that greater and greater 
protection is afforded to the land and the infiltration of the water is increased thus 
C()nsid(rrably reducing the threat of soil and water losses. 
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Another important measure acloptccl l.n controlling llu‘ soil anti water loss is 
the practice of rotating the crop. It has been not iexal that oiks crop^ larruing has 
been the main cause in many cases of erosion in (vultivated a.rea.s. hven faJlowing 
as a sort of rotation does not help in any way, on the contrary it .k<a ps iIk' soil at 
the mercy of the rain and wind. As such the rota.lion ol‘suita,bh‘ eng) is a.dopt(*d. 
Either grass or a suitalile legume is normally rolak'd with c'rop or sotnethm's straov 
is alkrwcd to remain on the ground. This method of rotaJion^ of m‘osion n^sisling 
with the erosion permitting lias lKd‘()cd a grea,t deaJ in (‘ontrolling the erosion. 

By adopting suitable combination ()f niech:mical and Jigronotnic control the 
country has made a great hcadwa.y in controlling soil and water cousi'rvaaion. 
The areas brought under such measures have Ik'Cu va,stly i;nV|)rov( cl in soil fertility 
and crop production. In our country there are good many a, rears vvhercr suc'h 
conditions like steep slopes, highly credible soils and torrential and c*rra.(ie rains 
occur and,- therefore, if some of these methods, if not already inKhmakcn, ca,n be 
effectively used with certain modifications wherever nec(^ssa,ry. 'Hk' probable 
difficulty with us will be the presence of small holdings of our fa.nners l>ut tlicse 
methods may be useful to the areas when' now communiiy jirojccUs or <’o-0])ciaui\a^ 
fanning centres are working. 
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review of soil conservation in the GISBORNE 

EAST COAST REGIONS OF NEW ZEALAND . 

By W. A. PULLAR 

{Pedologist, Soil Bureau, Department of Scientific and Industrial Research, 

Gisbarne, New Zealand) 

(Communicated by Dr. S. P. Mitra) 

{Received on 12th December 1954) 

Introduction 

The Gisborne-East Coast region lies in the north-east corner of the North 
Island of New Zealand between latitude 37 degrees South and 39 degrees South 
(Fig. 1). It is bounded on the north and east by the Pacific Ocean and on the 
west by the axial, Raukumara range and in the south by high hills commonly known 
as the Wharerata hills. In this paper, the region includes the counties of Matakaoa, 
Waiapu, Uawa, Waikohu and Cook, which together cover an area of 3,200 
square miles. ^ Gisborne, with a population of almost 20,000 is the principal town 
and port. 

Tlxc region is renowned for its spectacular forms of erosion. 

Torograrhy 

llie crust is deeply and finely etched to give a pattern of narrow 
valleys, steep hills and sharp ridges. The land starts precipitously at the coast 
with summit levels of about 1 ,000 feet above mean sea level, rises quickly to a 
general level of about 2,000 feet and culminates at the Raukumara range some 
4,000 feet above mean sea level. Towards the northern end of the range are 
a mimlxer of conspicuous rugged peaks, the highest of which Hikurangi, stands 
above 5,600 feet.- There are two drainage systems each of about the same 
area and with an east-west divide, and the courses of the main rivers trend north 
and south respectively in each system. 

For land use, the land-slope is rather important. The table below gives 
the range and proportions of land slopes based on topographical units which have 
been found by the New Zealand Soil Bure au^ to be significant in modifying 
both the soil and land use. 

Torograrhical Unit Proportion as % 

Flat 6 

Easy Rolling Most slopes under 5 degrees. 7 

Rolling Most slopes under 12 degrees, 

many slopes between 5 and 12 
degrees. ^ 

Moderately Steep Most slopes under 30 degrees, 
many slopes between 12 and 30 
degrees. 24 

Steep Many slopes over 30 degrees 58 

It is thus clearly apparent, that by far, the dominant land-slopes are steep 
and moderately steep. In comparison, the area of flat land is only 127,000 acres. 
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ClimatH 

The climate is mild and humid. The dlstril)uri()n <>r ihcM'ahifaJl hdhvvvs 
closely upon the elevation of tin; land. F()r instance, (ui 1 he Rajikuinajai ratiii^e, 
the annual precipitation is oven' 10() iiidies ( 1 75 raiiulays) and on (In* hi, hills 
flanking the range and on th<^ draina, go divide and oti (In: VVIuir(n’a.ta hills in 
the south, the rainfall range is GO to 100 in('lu^H per a.nnuiu (150 ra,in<lay\s). ^ I here': 
is a drier pocket on the catchments of the southern drainage systenn leading itilo tlu^ 
Gisborne Plain where the annual precipitation is 40 totiO inc'lu^s ( 100 to Ilk') ra.iuda.ys)k^ 
At Gisborne, which is at sea level, the mean ttnninnini wiiitcn* tcinp('ra.tnr(! is 41 
degrees F. and the mean maxim um sumnun' temperaturt^ is 70 (h'grta'.s 

According to GarnicrMhe climatic types a.fter 'rh()rnthwiut<‘ks cla.ssi(ic:ati(m, 
range from Superhuman (AGh') for the Raukuniara. range, Superhuinhl (AB r) 
for the high hills and Humid (BB’r) for the lower lulls near Gisborne. 

Occasions which cause most anxiety for soil erosion and lloodln.g arc when 
depressions track north of New Zealand. Here, rains from (*it her a northerly 
or easterly direction, lash the countryside and if all of the ca.tclntu'nts makin.g up 
to drainage system are simultaneously dnmehed, then a. ,gen(‘ra.l (k)od in the low- 
lands can be expected. As much of 1 lie veg<4iitive cover is in tlu' nature ijf grass 
and as many of the soils are shallow and skekMal, tliere is a. limited eapa.eity for 
absorbing water. If the storm is prolonged, the soils soon lose strength and In 
conseqxience slips and slumj)s arc common. 

Vegetation 

;Tn pre-European times, the land was clotluul in a. dense t'ov<'r of for<'si. 
There were mainly two tree axsoeiations, a Ixu'i'h oni' whieh grew on the higlun* 
terrain from 2,000 to 4,0()(} 0x4, and a Imiadleaf-podoearj) oiua which (lourisluxl 
on the lower hills Ixdow 2,()()() feet and at the boundary tlu'ix' was innch interdi- 
gitation of one association with the other. In the heec’h assocutllon tlime wais a 
range of species according to altiludtg iho mountain hec'ch {Kothofagus (‘lifortmdes) 
growing between 3,000 and 4,()()0 feet followed in descending orchu' hut in dilfused 
zones by silver beech {Nothofagus Menzicsii), red beexth, {Nothnfagus fasca), luird 
httch. {No thofagu$ iruncata) and black {Nothofagus Solandti), at aJanit 2,()(){) 

feet. The latter commonly invaded the br()adleaf-])odocar]) zone an<l tiu' broad- 
leaf, tawa {Beilschmiedia tawa) was often found high, up in tht' r<xl and the hard 
beech zones. 

In the podocarp-broadleaf zone, th.e for<‘st |)<itlern w;is a. niosa!<' l>;iS(xl on 
site and aspect. On the dry, northerly s])urs black beix'ii., tuAve., (otara. [Podocatpus 
totara) and tanekaha {Phyllocladus trichonianoides) iIonrish<'d and on tht' W(4 soullHX'ly 
slopes the podocarps, rirnu {Dacrydium cupressinwn) , miro {PodocarpHsJhrugineus^) 
andmatai {Podocarpus spicatus) grew ahundanUy. On tla^ wet tioors of valleys and 
river flats, {Podocarpus dacrydioides) was dominant a.nd along tlu^ (X)ast, 

karaka {Corynocarpus laevigata), ngaio {Myoporum laetim) and jiolmtukawa {Metrosir 
dews iomentosa) were prominent. 

On the lower hills of the Waipaoa .River ca-tehment, w4u*re tlu' rainfall is 
lowest for the whole of the region, the cover at the tiuum)!' Fairopixm s<4tk*m<*nt 
was partly bracken fern {Pteridium and partly manuka, {Idpiospermum 

scoparium) 

The area occupied during 1952-53 is taxir 2, ()()(), ()t)t) neves wlueli is about 
one-tenth of the total area of the region a,nd the art'a in gras.ses, elov<n‘s and 
lucerne is near 1,500,000 acres"*. 

♦Unfortunately the manner in which the tallies are set out in the “RejHut on ihr farm Pro- 
duction Statistics of New Zealand for the season 1952-53’* docs not allow of a nnaisc lk(ure heinK 
obtained. 
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All are agreed that the canopy of protective forest on steep hills breaks the 
impact of raindrops and that the litter on the forest floor absorbs the water and 
checks the run-off. The geologists, Henderson and Ongley^ were so alarmed 
at; the effects of deforestation on the hills in the Waipaoa River qatchment during 
the year 1914-16 that they devoted a section to the subject in their bulletin 
and their remarks on erosion, run-off and floods could not be improved upon 
even today. They instance investigations that were made into the incidence of 
accelerated erosion even as far back as 1894. 

There is no doubt that the dense cover of forest effectively masked the nature 
of the underlying rock^ and gave no clue as to the potentiality of rock erosion. 

No one denies that there was not erosion under a forest cover. It is com- 
monly believed that the movements were of a large scale nature and there was 
then not the comminution of soil and rock as there is today. In fact the soils of 
the large depositional basin, the Gisborne Plain, show that, there was a period 
in the not-long-distant past when little sedimentation occured. 

Gkology ■ • 


The rocks are of Cretaceous and Tertiary age.^® They are sediments of 
a geosyncline which was thrust up in the Pliocene and subsequent erosion has 
carved ont the present youthful landscape. In structure, the Raukumara range 
is part of the eastern axis of the North Island and there is a gradual descent 
from the old rocks in this axis, south-east, through successively younger beds to 
the coast. The structura,! trend is truncated by the coast line from Mahia to 
East Cape.''® 

In the Pleistocence and continuing into the recent^®, there was 
considerable volcanic activity in the centre of the North Island and the hills 
of the region were mantled by a succession of ash showers the last one being 
dropped in 250 A. xhe mantle is not now well preserved for distinct 

a.sh‘ l)cds arc only identifiable in about 30% of the area, the rest of the mantle 
being eroded or washed away. Indeed, the mantle can be used as a yardstick 
to measure the incidence of erosion. Where identifiable, the ash is soil forming 
and even on steep slopes and in the absence of mantle, the ash does influence 
the texture of tine soil by m aking an otherwise heavy soil from mudstone .much 
sandier. PTill soils from ash are very liable to earth and soil. slips after heavy 


and prolonged rain. 

As geological erosion is extensive and deep, all of the geological formations 
or litholo<’*'ic units are exposed somewhere in the region and indeed many of then! 
are parent rocks of the soil. Even though the rocks are soft, Hamilton and 
kelrnan® found that there is an order of erodibility among them and this has proved 
a useful device in the study of soil conservation problems. 

The Raukumara range is constructed of indurated, well-banded sandstone 
and mudstone of Cretaceous age but the formations on the eastern flank, also of 
Cretaceous age, are black, much-sheared argillite in the north and soft, shattered 
l)lue argillite ‘in the south notably in the headwaters of Waipaoa river. Ttie 
latter seems to have some affinity for water and disintegrates readily under the 
'iciion of the weatlier.^ On these formations, the protective forest cover has 
ioiu. been removed, the soil skin is now punctured and the d^ebris from gully 
erosion is now an embarrassment to the lowlands. In the north, the rock detritus 
spews out in the form of fans, on whmh, streams run willy-mlly ■ as to 

endanger property and roads, while in the south, the rubble from 40 miles of gul- 
lies® in the cnisbed argillites is now forcing the Waipaoa river to aggrade m its 


upper reaches. 



The lower Tertiary formations inchide bentonite and Inmlonitic nnidstones 
which commonly follow long crush zones and (:lie fiigldy ('olloidaJ tnat(rrial from 
gully erosion of tiiese mudsones forms nuich of tint susjxuuhtd Ioa,d of rivtu's. Ihu!: 
formations of the middle Tertiary, consisting of eaIt'a,r(M)us nrudstoiH's, Tnassiv(^ 
mudstone, banded sandstone and niudstom^ and gritty sandstone a.r(' th(^ most 
stable, even at steep slopes, and erosion pro])l<rms on tbes(^ ean b(^ r(flat(xl to tlu^ soil. 

Foi’mations in which rock erosion is s;()e(‘ta.('ular may a/movmt to aJ)out 24% 
of the area of the region and it is here that erosion cn.n l>(‘ la^gajxhxl as a. 'hg't'ologi- 
cal” problem. However, 15% is still under fon^st. 

Soils 

. As much of the land is steep, many of the soils are necessarily of a skeletal 
character, and from soil maps of the region, the aggregated area of sucli steepland 
soils is about 60%. For the most part of the skeletal soils are shallow, from 3 to 
15 inches. Where the forest has been cleared, the top soil is often absent because 
of accelerated erosion and hence only those areas witii fertile^ sub-soils have res- 
ponded readily to farming.'* The sub-soils vary widely in ft'rtility according 
to the nature of the underlying rocks and one of the most bu’iile is nmdstotu^ and 
one of the least is sandstone. Mudstom^ has a ()redis])osition to sli)> f)adly, l)ut tlu^ 
slip scars soon heal whereas the sears from sa,nds(one taJo': a long tinu^ to luail ov<'r. 

On the rolling and hilly lands, wlu're lln^ volea,nie ash ;nuinlh‘ is wcdl pr<‘serv- 
ed, are the Yellow lirown Pumice soils from tlu’; ('oarscu' pumice* ash(*s and tlic 
Yellow Brown Loams from aslics of finer material. A(‘tt‘r a luxivy prolongeal 
rain, earth and soil slips arc common on hill soils. 

It is clear that soil conservation measures should Ixt designed (o hold the 
skeletal soils in place. 

Farming 

The principal land use is in livestock farming which is conducbxl on hirge^ 
holdings of from 500 to 15,000 acres.’ The region is noted for tlx* brex'ding 
of sheep and cattle and for the production of wool. Ihich year large inunbers 
of surplus stock are sent out of the region either to ])c fattened on the low-)jmds 
or to be used as replacement stock for fat lamb ])roduclion elsewhert*. 

The table below gives the stock population for the s(*asou 1952-5:1’ 


County 

Sheep 

Beef Oatlh 

Matakaoa 

100,783 


Waiapu 

400,954 


Uawa 

211,862 

226,977* 

Waikohu 

581,025 

Cook 

723.621 

102,457 

Total 

2,018,245 

329,434* 


A recent study in production trends and potentials of livestock l*a,rn)ing in tlx! 
North Island by the New Zealand Department of Agriculture*'* sliows that the* 
carrying capacity is for the most part low, but as the area, is <*xtensiv(^ a, ml carrie'S 
over 2,000,000 sheep, this is a significant proportion of the North Tsiand total. 

*This figure includes the beef cattle population for the county of Opotiki, which, together 
with the other counties mentioned makes up the Gisborne band District. I'.xrcpt for Cook C ounty, 
the ‘‘Report on the Farm Production Statistics of New Zealand for the season 1952-53’’ does not give 
the beef cattle population figures for each county separately. 
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vSince 1921, the area occupied has remained virtually unchanged at nearly 
2 million acres and the area in sown grasses is also almost static with a slightly 
declining tendency. There has been a decline in the number of breeding ewes and 
total sheep since 1941, l>ut to compensate for this, there has been an increase in 
beef breeding cattle. This feature, the Department regards as a healthy sign, as it 
considers that much of the land has been over stocked with sheep and that insuffi- 
cient use of cattle has been made for improvement of pastures., 

A conclusion from the study is that the carrying capacity can be raised partly 
by correct and balanced stocking and partly by improvement of the pastures now 
that the application of artificial fertilers by aircraft is quite practical ; but that by 
the nature of the country there are serious economic and technical problems to be 
overcome. One of these is accelerated soil and rock erosion. 

As an indication of the productivity of the region, the value of the 1953-54 
wool clip is estimated (the precise figure is not easily accessible) at near New 
Zealand £ 4,000,000, 

Soil Erosion Surveys 

In 1948, Grange and Gibbs’^ published an account of soil erosion in 
the southern half of the North Island, which includes all of the Gisborne- 
East Coast region. They classified slip erosion on steep and hilly slopes princi- 
pally on the hardness or softness of the rock exposed and whether erosion of the 
rock followed upon exposure. The type of exposed rock and the ease of establish- 
ment of vegetation upon it were also incorporated in the classification.' To give a 
picture of what is happening to the land, the classes of erosion were grouped into 
three categories, which are modified and presented in the table below. 

Land Proportion of the 

region as % 

Land in which there is no significant deterioration ... 19 

Land in which there is slow deterioration ... 46 

Land in which there is rapid deterioration ... 35 

In 1952, Hamilton and Kelman^ conducted a soil conservation survey of 
the Waipaoa River catchment. The Waipaoa River is the principal river in the 
southern drainage system and the area of the catchment is some 540,000 acres 
of which 87% is in grass.^ They produced a land inventory map, a litho- 
logical map, a severity of erosion map and finally a map showing land capability 
clksses, which is in effect a plan showing the optimum use of land. Classes I, II 
and III are sufficiently safe for grassland farming, and class IV which covers 78% 
of the area of the catchment, requires some remedial treatment. This class would 
proliably correspond with the land category ‘Land in which there is slow deteriora- 
tion’ of Grange and Gibbs. Classes V and VI are regarded as beyond the scope of 
conventional soil conservation treatment and it is in these areas, which amount to 
8% of the catchment, that the most severe erosion occurs. 

Hamilton and Reiman went further than an erosion survey and suggested 
recommendations, the effect of which is to incorporate soil conservation measures in 
farming practice. It is proliable that in time this principle will be recognised and 
adopted. 
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Soil CoNSKRVATrroN 


The world-wide pul)licity focussed on soil (‘rosiou u.nd soil conscrvalion 
in the decade 1930-40 receiv(xl acknowlcdgnuMil in N(^w Zcuilaiui with the 
passing of the Soil Conservation and Riv<n's Control Act, H)41. The Act gave 
recognition to the fact that the catchment: is a, natural, gcograpluc^ mnl in winch 
the high country cannot t)c divorced from the lowhinds. O'o giv(^ |)ra,caical (‘neet to 
the Act, the country was divided up into a tnnnber of ca,t(‘Jun<‘nt districts each with, 
its own local authority, the Catchment Board* 'Fhc local autliority for the Cis- 
borne-East Coast region is tlie Poverty Bay Clatchment Boa.rd s(h up in Ifldh and one 
of its first tasks was to institute flood protection measures on the highly fertile, 
highly productive lowland, the Gisborne Plain on which over bOO settlers follow 
agricultural and pastoral pursuits. To control the Waipaoa River, a large stop- 
banking scheme, costing over New Zealand £ 1,000,000 is now well under way. At 
the same time, experimental work was undertaken in the headwaters of Waipaoa 
River with the object of reducing the flow of rock debris from gully erosion, ])ut 
the gullies in the main, could not he contained l)y small engineering works owing to 
the instability of the geological formations. Th(/ti’aining ot* waterways by cheaply 
constructed fascines and groynes has ])ccn successful ancl melliods of guiding and 
fixing of runnels and small water c<>urses on eartli flov\^s of lientfuutic :iruulHt<nies 
offer great promise. One method, is to ]),lan( tree eiUtings (willow spccien) in riairs 
astride the water course and to line tlie channel with fa.s<anes t() previrnl se()m4ii!L^ 
of trees. ^ 

' • The pfeventicii of gullying in earthflows is most important atnl where trees 
have been grown in waterways, stability has been achieved. 

The grcatesUingle d(H:nT(mU,o (h<‘ .succ-ss of ir('c i)l;ui(iug is (he inarsunial 
foxlet or oppossum which kills the Ircc^s l)y (waling (he ix'w growtli. ^ 

Conservation work in the n^gion is dircclcd a( ])rcscii( (o pafclung up Ihc 
damage to the land by accelerated (U'osioii, )>u( j)liuis art; now being made to start 
preventative treatment on land which may show liitU; signs of tn-osion a( pi'csent hut 
may be capable of erosion in the future. It is likely ihul many of (he gidiies will 
be clothed in trees, the steep slopes dotted with trees, and (‘arthflows eoverei'l wi(h 
small plantations with a grass sward S(;para(ing them. 

The efforts by man to check rock erosion of the shattenxl CIrcUaeeous forma- 
tions seem rather puny and it will be ncc((ssary to assume a large element of luek in 
the climate to allow of .smothering over of tlie raw rock by veeelation natural or 
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SECTION— 10 

LAND CLASSIFICATION AND EVOLUTION 


LAND CLASSIFICATION SURVEYS FOR SOIL CONSERVATION 
PLANNING IN THE DAMODAR VALLEY 
By S. P. S. TEOTIA 

Survey and Planning Officer, Soil Conservation Department, Damodar Valley Corporation, 

Hazaribagh) 

(Received on 5th October, 1954) 


Land classification surveys are the basis for the best fundamental- land use 
adjustment. They are an attempt in a systematic way to assign each area to the 
use to. which it is best adopted physically, economically and socially. For proper 
land use planning, the first step essential is a soil survey based on the morphology 
and chemical characteristics of the soil profile, to provide us with an inventory 
of the soil resources, the basic data, for the fullest development of soil resources. 
Soil surveys combined with erosion and land utilisation surveys will serve as a 

basis which with the superimposition of economic factors will result m a practical 

land use classification that will enable us the full exploitation of the soil resources, 
consistent with the maintenance of the soil productivity on a permanently high 
level. Such a land capability classification is based on the general suitability 
of the land for cultivation, or for permanent vegetation keeping in mind the danger 
of erosion. 

In classifying land according to its use capabilities, four groups of physical 
factors considered are - 

(i) Erodibility of soil, 

(ii) Productivity of soil, as conditioned by inherent fertility, water holding 

^ ' capacity, salt content, depth, texture and permeability, etc. 

(Hi) Presence of any other factor that would interfere with the use of land, 
as varying slopes, stoniness or a hard pan layer. 


(iv) The climatic environment. ; ■ ■ 

The best use of land is one under which the soil will deteriorate the least and 

will produce the maximum. - ' _ ■ 

Oounino- tosether soils physically suited for a gwen type of vegetation pro- 
Gioupuig log^nci 1 r capability classification. It is based on. the 

duces a classification ca - P necessarily reflect 

capacity which may require the application of c'onservation mea- 

the 'J^iSg.hS conditio! ' which will make it petma- 

mansfonn an area into a more permanently product 
remain in a less useful class. 

, 1 1 ■Cccticar, cilu'vpvs in the Damodar Valley have been und rtaken 

on a cSirn'em-wise 

‘Sed ' for? r'a^d 'gu lied lands,' which contribute most to the erosion menace. 
S turveyOn the valley include the following three types of surveys. 


able to 

;ive condition that land must 
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A. Soil Classification Survey. 

B. Erosion Survey. 

G. Land IJlilisation Survey. 

A. SOIL CLASSTFICATION 

Soil survey is a inetliod for tlic exanunatiou, claswifK'al ioiu (U^liiHuilion and 
stixdy of soils in the field. Air |)hologra;i)bs on a, i)' to a tuUe seah^ are l>c'in,i»' used 
as base maps. Soil profile is the unit of study. Tire ])osilioii of <*yery soil ])rofile 
is 'fixed on the photographs ])y the principle of inwemnp;. The traverse is 
begun from or located in rcfciTncc to a known )>oin(, (a)nr()aiss bearings can be nscal 
forknowing the direction, and the distance nuiy (dlhtvr I)C ;pa<’<Hl (ir tucasiircxl by 
a chain, Location of profiles on photos can be fixed by rcfc.rcncc to trees, road 
crossings etc. 

Soil profile 4' x 4' is excavated to the depth of decomposed parent rock^ or the 
depth necessary to identify the soil with certainty (4"6'), and allowed to stand for a 
few days before study to allow better structure identification. Profile site is selected 
in the central position of an a))parcnlly uniform soil area. The (bl lowing soil 
characteristics are noted with a note on the environment (rcliifi', drainage, ))hysio- 
graphy, and vegetation). Natural system of sod classification is used, which is 
based on soil morphology (all ohservalxle relevant (duvracterlstics) jminting to the 
genesis of soils with adequate laboratory analysis. Sod chara<‘lei'isti<*s of profile" 
studied eolkhaively arc : — 

(a) Colour of each liorizon. 

(b) Sod structure of eacli hori/.ou. 

(r) Structure of each horizon. 

(d) Consistence of each horizon, 

{e) pH of each horizon. 

(/) Occurrence of ferruginous or siliceous concretions in any Itorizou. 

{g) Occurrence of organic matter in any horizon including plant roots. 

(A) Soil depth. 

(z) External and internal drainage, 

(j) Nature of parent material ofixrofilc. 

Since no two sod profiles even of the sa,mc soil iy\)c. will I)c (mtindy ideutic.al 
(but will have certain differentiating ch.aract<"ristics in common) a. model profile 
with allowable range in the profile is estalxlishcd fivr each soil type. T!f" sa/nu^ kind 
of hcrizons are present in all of the profiles of the grou)) and they o(‘< ur in aJnuist 
the same sequence. Soil type properties vary within defined limits. Each soil lyj)e 
is examined and described at several points. Soil Ixoundaries arc usually (Uffuse or 
gradual and may be indicated sometimes by a change in colour, tojxogravxhy, t(‘xtntc 
of surface soil, soil depth, and sometimes by vigour or species of vcg("( a, t ion. Soil 
type bounda. ies may be deduced by interpolation of evidence of' soil j)rofiI<‘s. Bonn* 
daries are plotted from observations made throughout their wlioh^ ('our.s(\ 

B.: EROSION SURVEY 

Soil erosion map should form a base for any planning. Basicailly (*rosi<m 
surveys classify and combine four different factors, nanudy, soil type, land useg slopes 
and erosion. Soil erosion types are influenced by jihysiographic featun^s and hmcl 


[ ^2 1 



utilization practices. Since in Damodar valley area the topography is ^ very undu- 
lating and rolling and undisturbed area is not available except within a reserved 
forest, the selection of a ‘reference’ profile for each soil type is essential iin mapping 
the degree of soil erosion. Such a reference profile for each soil type is selected 
after due consideration of micro-relief of the areas occupied by that soU type, as 
comparisons are to be made on comparable slopes. The erosion is estimated by 
weighing other profiles of the same soil type in an area with the reference profile 
of that soil type. Erosion is a more complex function of slope, and is essentially 
a phenomenon of a catchment unit. Hence measurements of slopes are included in 
an erosion survey. Topographic maps may be very helpful. 

The following erosion classes are mapped in the Damodar valley : — 


Symbol 

Erosion classes 

Description 

0 

No apparent erosion 

... 

1 

Slight sheet erosion 

<25 % of solum removed 

2 

Moderate sheet erosion 

25-75 % solum removed 

3 

Severe sheet erosion 

>75 % solum removed 

7 

Occasional gullies 

Gullies 100' apart 

8 

Frequent gullies 

Gullies 100' apart 

9 

Very severely gullied. 

... 


In case of the gullies in addition to frequency^ the depth, width, and catch- 
ment area of gullies are mapped. 

(i) Glassification of gullies according to depth : 

Symbol Description Control measures 

a < r deep Ploughing up 

, 1 _ 1 J • ^ ^ o 1 • _ 


1-3' deep 

Sodding & seeding 
(Biological control) 

3-5' 

Temporary mechanical 
measures like gully plug, 
brush dam, etc. 

5-10' 

Masonary measures like 
check dams with spillway. 

>10' 

Possibility of storage 
(conservation pond). 


(li) Classification of gullies according to width : 

Width of gully at the ground level, not at bed level is to be considered. This . 
will be necessary to prepare estimate of the control measures recommended. This 
is sub-divided into 2 groups ; 

Symbol Description 

X < 10' wide 

Y >10' wide 

(iii) Classification of gullies according to catchment area of gully : 

This item is mapped in respect of gullies which are more than 3' deep, so that 
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control measures can l>c designed ])r<)])<a*ly. Tliis is sul)-cUvi(l(‘(l into (Ik* Ibriowing 
classes 

Symbol j )(‘seript ion o(' ejUclimeni 

i *.25 a, ores 

ii 25^50 acars 

iii 50-100 aeit'S 

iv I ‘ 1 00 aca'es* 

C. LAND UTILISAl’ION SURVEY : 

The purpose of land utilisation survey is to map tlie j)rcseni us(^ o(' land, the 
use to which the lands are being put at the time of survey, to provide us tlie basic 
data to enable preparation of land utilization plan to avoid furlhei' misuse of land 
by putting the land to the best economic use. 

The following major land use categories are used in ma.|))iing the pn^sent use 
of land : — 

(a) Crop land 

(b) Pasture 

(c) Lores t 

{b] Wasteland 

(c) Orcliard and ]) lani a t i< m 

(/) Water bodices (tank, res(*rvoir, <Ue,) 

(g) Mining 
(ii] Settlements 

Each of the major categories is sub-divid<':d, e, ctrop land into ))addy an<l 
uplands. Similarly the other categon<*s of land use are sub-divided and mai>p<‘(L 
These are shown i)y suitable symbols and colour combinations on the maps. 

For classification of land based on quality, four types a,s distingniisIi<Hl and 
mapped on the basis of inherent soil characteristics, like soil d<:plli, draimigx*, p(*i‘- 
meability, stoniness, and 'associated land factors, like, availability ol‘ water iuv 

(i) Good land . 

{ii) Medium land 
(in) Marginal land 

« (iv) Poor land 

For the spccifx ciwiromncntal and agricultural eoTiditions In tin* val!(*y, only 
•four’ Land Capability Glasses have l>c(n worked out. d’h<\s(^ an* 

Glass L~Very good land, level or nearly level with little or no erosion. Easily 
worked and safely cultivated witli ordinary good i'anning m(‘thods, 
like, fertilization and crop rotation. 

Class II — Good land, usually U|>land with slopes 0-3%, moderate* sheet erosion 
but safely cultivable with easily applied soil conservation ])ra,etiees like, 
contouring, protective covei', gradc'd ('haniu*! terrneu and sinr|)l<* water 
management practices. 

Glass III— A few low to medium -gun ies or slopes exceeding 3%,, s< it heavv 
and deep, slopes moderately or severely eroded. Readily reclain aide 
by mechanical or other measures, and made into t<*rrac:ed jiaddy fields. 
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Class rV — Lands not suited for cultivation but suited for forest with careful 
management with contour ditching, diversion dykes or terraces, and 
good silvicultural practices. Soils shallow and very credible . Very 
steep, stony, rough, sandy or severely eroded. 

Since social a,nd economic conditions gteatly affect the use of land, the above 
classification according to physical capability cannot be used directly for recom- 
mending land use. For example, a good plot of land with 1-3 % slope could be culti- 
vated with simple conservation practices, but has a flourishing forest. Though 
this upland could be used for cultivation, it is preferable to keep it under forest 
growth, as forest growth of a significant size always takes time. Thus even if the 
land capability class of this area is Glass 11, its land use class will be forest, i,e., 
land use Glass IV. 

Similarly a piece of land with heavy and deep soil with a slope of 3-4 % but 
eroded by deep gullies can be made into a good terraced paddy field, but the 
amount of earth work involved makes the cost high and prohibitive, this land 
though Land Gapability Class III must go to forest, i.e.. Land Use Glass LV. 

For the conditions of the valley, the following four land use classess have 
1)een worked out : — 

1. Paddy (Terraced fields) 

2. Upland 

3. Pasture 

4. Pasture-cum-forest or forest. 

This classification is primarily directed not only to. conservation but greater 
food production. Paddy is the main crop and a land use is called paddy. It 
docs not mean that no other crop can be grown on these terraced fields. Rabi 
crops will do well on these soils provided water supply is assured. 

SUMMARY 


Land classification according to use capability are based on the physical land 
characters together with their environment and expressed, in terms. of the restric- 
tions in xises or practices and measures necessary for the most intensive utilization 
that is consistent with the preservation of the soil and its plant cover. 


Land classification surveys for soil and water conservation planning are being 
conducted in Damodar valley on the air photographs on 6" to a mile scale. Simll 
surveys provide us the basis for the preparation of land capability maps. On 
the basis of land capability maps, the fairly well-known methods of soil and water 
conservation measures will be adopted on the various classes- of land. Such land 
classification surveys are of great importance in the elucidiation of many of the 
prolilems of land utilisation. 

Such capability is determined by an appraisal of soil, erosion, and land 
use in their collective relation to the capacity of land to produce. To suggest 
appropriate use of an area of land it is essential to have a clear picture of general 
erosion condition, land use and soil types. 

The soil and water conservation measures will inelpde irrigation facUities for 

naddv fields, afforestation of waste and unproductive lands, contour ditching and 
srraded chaimcl terrace for uplands, reclamation of waste lands for upland culti- 
Sn pasture and conservation of gulUes will include guHy control as well as their 
reclamation as paddy fields or their afforestation according to their suitability. 
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SOIL GLASSIFICATION AND SOIL MAIMTNC; IN NATNITAL TARAI 

By K. R. AGARWAL. Agricultural ChmUt hi Covt., V. l\ 

(!. I,. iMHHUOTRA, Sail Chmhi, 

;.tul 

C. P. GUPTA , /or Research As.u.ilmit-' 

{Department of Agriculture^ Uttar Pradesh^ Kanpur) 

(Reauved on 2^(1] ()('io));‘i\ 1954) 

{Communicated by Dr. S, I\ Milra) 

With a view to increase food prodiiction and to rchabiliUUc' <‘K-s(M'vi<:eincn atul 
displaced persons the Government of Uttar Pradesli started in 1948, iii die inslance 
of the Government of India, a scheme for the reclamation and colonization of 
the sub-montane tract called Tarai and Bhabar in the Stale. Idic sub-rnontane tract 
in U. P. starts as a belt below the Himalayas from the district of' Dcdiradun to that 
of Deoria. In the first instance the reclamation and colmuzatiou work started in 
the tarai areas of the district of Nainital. Previous to tbjs rechuruili(»n work, tlie 
tarai areas were characterised liy (oxtrenie unheabhin(\ss caust'd dtu* to exc<\sslv(' 
soil pioistvirc and prolific growth, of tall g'ra,ssy V(^g(9ation. soils were known 

to be fertile but insiiite of this the tract remaJned ^ imcultiva, t<‘d a,nd uti«inhal>lled 
due to severe outbreaks of malarial academi<'s, imiccu^ssibility and d(‘|>r(‘da.(ions 
of wild animals. With the help of iK'avy nnu'hanic'aJ (sjuljnnems llu* ar<n was 
cleared of the forests and attemps were nuidci witli tlu*. hel;i)‘<ddnsecti('idt‘S, to con- 
trol malaria. Roads wore built comuuning- the urea witli the neighliouring distriels. 
The cleared upland was divided into suitable jilots and aUxUlcd to ex-servicenun 
or displaced persons. Tn order to help the i)r()gT(^ss <)r rc4uil)ilitatic)rn thret! l>i|( 
mechanised farms were also started in the area undta* tlie dinah snjiervision of tlic: 
Government. Each of these farms occxipicis an ama of 5,5()() acres and are known 
as the Western, Central and Eastern blocks of Ibirai State h’arms wlfu'h liavt'; tlnur 
headc[uarters at Matkota, Phoolbagh and Nagla rcsjxuaivctly. 

Since the above tract was o])tainexl as a result of reclamation no information 
m regard to the soils of the area was available. Accordingly the Sta,(e Soil Surv(‘y 
Organization of the U. P. Government took icp a detailed soil snrvi^y and soil 
mapping of the entire Tarai State Farms with, a view to knowing tlu’: ('hannacrist ics, 
fertility status, agronomic aiid fertilizer rcquireincnts <>f tlie various soil <yp(*s nuu 
with in the area. The present paper gives an account of such, a, survey carruxl ou( 
at the Western block, Matkota of the Tarai State I’arnis in ihc Nanilal (anti. 'Phis 
work was conducted from the Government Regional Soil Laboralory, Rndrapur 
(Nainital) undei the supervision of the staffor the Agrieullural Gh unisiry Sioaion 
at Kanpur. 

METHODS OF SURVEY 

Soil samples were drawn by means of post-hole augers by par(i ‘s of (wo 
assistants and the samples were collected, l>oth for surface, i.e. 0-9 iiuduos, and ilu^ 
sub-soil ranging from 9 to 18 inches. From, each plo( of 25 aents lour siK’h' borings 
were made at equal intervals of 110 yards each in a nortli to south, dinali >n. Soil 
samples from each of the plots were composited scpara((tly for (hu surfinx' as well 
as the sub-soil layers, if no soil heterogeneity was observed in ihc individual sampi-s 
For such plots, therefore, only two samples were ulti:uia,((dy colhagcal. In case 
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where soil heterogeneity was observed in individual plots, soil samples were collected 
separately for each boring and, after field obseryations, were separately brought to 
the laboratory for detailed analysis. Since in a small area major soil differences 
are not likely to be much, the soils were examined only for such specific tests which 
may bring out distinctive characteristics for classifying them and for determining 
their nutrient status or land-use capabilities. 

The soil samples were examined for texture, colour, reaction, lime content, 
organic matter, nutritional status and soil depths. In all about 700 samples were 
collected from the entire farm. The detailed mechanical composition was deter- 
mined for about 65 plot samples selected at random, from the entire area which 
represented all the soil associations found on the farm. 

THE SOIL TYPES OF THE AREA 

The study has revealed the presence of three major soil textural groups with 
three sub-groups under one of the main group. The main textural groups are (i) clay 
loam, (ii) loam* and (Hi) sandy loam. The loamy group has been further sub-divided 
into three classes depending on its lime status viz., (0 loam with enrichment of lime 
{ii) loam with minor quantities of lime and (ui) loam free of lime. The sandy 
loam soil groups also contain some predominantly sandy soils which have not been 
separately classified due to their allied crop responsiveness and extreme intermixing 
in even very small areas. The farm thus can be divided into the follpwing five 
textural- cum- calcimorp hie soil associations. 

1. M’atkota clay loam. 

2. Matkota loam— highly calcareous. 

3 . JVt atko t a lo am — slightly calcareous . 

4. Matkota loa:m — non-calcareous. 

5. Matkota sandy loam. 

Tlic distribution of these soil types has been shown in the attached soil map 
of the farm (Figure 1). In table I has been given the extent of each soil type as 
mapped and its percentage to total ai'ca of the farm. 

TABLE I 


ISXTENT OF SOIL TYPE IN THE AREA SURVEYED 


Soil Type 

Colour 

Area of 
soil type 
(acres) 

Proportion 
of area 
(per cent.) 

Matkota clay loam 

Dark Gray 

625 

11-3 

Matkota loam (highly calcareous) 

Dark Gray 
brown 

725 

13-2 

Matkota loam (Slightly calcareous) 

Gray brown 

1,275 

23T 

Matkota loam (non-calcareous) 

Gray brown 

925 

17-0' 

Matkota sandy loam 

Dark brown 

1,950 

35-4 


The following is a lirief description of the five soil types found and mapped 
on the farm. Under each soil type there is a description of the soil as observed 
in tlic field. Some indications of broad fertilizer requirements and crop adap- 
tability have also lieen given for the various soil types. 
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Table 2 contains the data on 111, 0 analysis c>F a lypiral iiroi'ile from tliesc soil 

types,, cxccpi Matkota loam nou-calcurcons; which sliow (lin didcivm'cs on whieh 
tiic classification is 1)as'cd. 

I’ABIJ': 2 


ANAi.Ysrs Oh' TmcAh inunoLivS oi-’ hlAmorA IbAHM 
(Pen* cent, air dry l>a,s!s) 


Lab. Depth Coarse 

Fine Sill. Clay. 

pll 

Oi-f>'unu 

Total 

( l/N. 

( liiC) 

Base <'X' 
ehang(^ 

No. (inches.) sand. 

T7TS 0-8 0-88 

sand. 

Matkota clay 
20-03 51-63 25-20 7-5 

carbon. 

1,0 AM. 

1-63 

tulrof>;en. 

0-178 9-1 

0-97 

cii))acily 
m. e. 

14-73 

T746 

8-16 

0-86 

21-14 54-10 

23-90 

6-8 

1-02 

0-091 

11-3 

1 20 

12-18 

T717 

16-25 

0-56 

13-73 59-15 

24-00 

7-2 

0-80 

0-060 

13-1, 

1-04 

1 1 -98 

T718 

25-38 

1-44 

14-01 56-70 

26-70 

7-0 

0-78 

0-083 

9-4 

1 -02 

11-73 

T719 

38-54 

0-.55 

11-44 65.98 

21-13 

6-9 

0-61 

0-071 

8-5 

0-9! 

10-48 

T720 

54-72 

0-31 

18-90 57-75 

21-50 

7-1 

0-52 

()-()56 

9-2 

(1-84 

9-22 

T711 

0-9 

7-87 

h4A-I.'KO-|‘A 

31-35 33-60 

l/IAM — 

25-00 

numi.Y (:aix:ahi‘X)us. 

7*2 h2B ()T2h 

9-8 

2-41 

15-78 

T712 

9-23 

2-63 

39-39 -35-75 

19-75 

7-2 

0Ti4 

0*089 

10-1 

5-51 

13-05 

T713 

23-28 

0-86 

33-27 48-20 

15-00 

7-4 

0-45 

0*042 

10-7 

2-87 

6-79 

T714 

28-38 

6-25 

26-54 47-50 

18-20 

7-6 

0*44 

0*039 

1 1 -3 

1-06 

9- 1 1 

T721 

0-9 

2-30 

Matkota loam — SL unn-in' cALi:AHV.oti<. 

20-34 45-18 29-65 7-3 ()-72 ()-()7() 

10-3 

1 -64 

11-68 

T722 

9-15 

4-55 

27-05 38-00 

28-00 

7-3 

()*B9 

0-085 

10-5 

1-OB 

14-07 

T723 

1.5-24 

5-08 

30-61 37-80 

24-00 

7-5 

04)9 

0-()94 

10-5 

()-(>6 

1 5-26 

T724 

24-32 

1-35 

17-90 49-20 

30-70 

7-6 

0412 

0-057 

10-9 

1-19 

11-68 

T727 

0-9 

25-50 

Matkota 

45-30 15-60 12-22 

SANTTT LOAM 

7-4 0-81 

0-059 

13-7 

0-45 

10-80 

T727 

9-18 29-28 

43-60 12-33 

12-80 

7-2 

0-62 

0-055 

11-2 

0-60 

8-80 

T728 

18-32 

35-28 

42-22 10-30 

10-40 

7-2 

0-36 

0-039 

9-2 

0-12 

8-80 

T729 

32-39 36-17 

51-52 5-88 

3-92 

()'8 

0-23 

()-()l7 

13 -.5 

0-31 

7-60 

T730 

39-51 

28-92 

.55-02 9-18 

4-45 

(i-7 

0-21 

0-029 

7-2 

0-38 

8-40 

T731 

51-72 

4-51 

73-60 9-80 

11-20 

()*5 

0-18 

()-021 

8-5 

0-57 

8-40 


(1) Matkota clay loam. Matkota clay loam is tlic least (‘xtensivv^ly occnirin^r soil 
type on the farm. The total area under this soil type comes to (>25 a,cr('s whicli is 
only 1 1‘3 per cent, of the total area. It is found in coniparativ<dy lowlying micro- 
relief of the faim and occurs on the south-west aide of the ’m^w road! from R,udra|)ur 
to Nagla. Another fairly big sized continuous patch has l)e(m located on tlw*: 
northern side of this road behind Patharchatli. 

This soil type -is very mildly calcareous in nature tliroughoul ihe depth ol'the 
profile. Texturally it is clayey loam tending to be silly clay loam and is rich in 
organic matter with a dark gray colour at the siudaoie Tlie surlace layu'r (extends, 
on an average, to a depth of 16’ inches but in soxne cases it may go as deep as 
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24 inc1h.es. The next layer consists of a light yellowish brown material with a silty 
loam texture and with comparatively low organic matter. The entire profile is 
characteristised by a low sand content, both coarse and fine, which gives to this 
type an unusually high water holding capacity and high base exchange values. It 
is somewhat poorly drained soil. 

In regard to the nutrient status of the soil type it may be stated that the soils 
are very mildly alkaline, pH value ranging from 6 '8 to 7*5. This gives this type an 
inherent character of richness in bases. The organic matter content is high and so 
also is total nitrogen. Carbon-nitrogen ratio of these soils is slightly less than 10- 
The soil type appears to be particularly deficient in available phosphoric acid and 
this deficiency becomes all the more pronounced due to its inherent richness in 
nitrogen. Moderate dressings of phosphatic fertilizers in conjunction with light 
doses of nitrogenous artificials or even phosphate alone as such are likely to produce 
very beneficial results in increasing crop production. The reserves of nitrogen and 
organic' matter which are present at the moment are likely to be depleted at a very 
fast rate specially under mechanised cultivation unless some measures for maintain- 
ing humus in the soils are introduced in crop rotation. Obviously green manuring 
once in three years in a rotation of paddy sugarcane or paddy wheat seems to give 
desirable results. Dhaincha may be tried as a suitable green manuring crop for 
this soil type in view of its clayey texture and water logged nature. This point 
should l)e tested further in long term rotational experiments since the management 
of the fertility of this soil type on this farm is extremely essential as it is_ one of the 
most valuable soils found in the course of this survey. 

This soil type is suited to practically all crops excepting those which do not 
thrive well on heavy soils. Paddy, gram, wheat and sugarcane are likely to give 
most economical returns. 

A morphological description of a Matkota clay loam soil profile is given 
l)clow : 

LocAa'tON. Plot No. 171 Matkota State Farm, Rudrapur. 
liitUGATtON. Tube well. 

To3?ggea3?hy. Low lying l>ut levelled. 

Natukai. vegetation. Tall grass. ; 

WATXUt TABLE. 5 to 6 feet. * . 

Morphological 

Dark gray (5YR 4/1 ; lOR 9/3 moist) ; clayey loam to silty loam 
with moderate fine crumb structure ; sticky and plastic while 
wet becomes friable on drying ; mildly alkaline and calcareous ; 
rich in organic matter with grass roots visible. ... 

•Light olive gray (5Y 6/2 ;,5Y 3/1 moist) ; clay lOam to silty loarn; 
strong very fine crumb structure ; sticky and slightly plastic 
when wet; friable on drying; neutral in reaction and small 
calcareous concretions {chharries) present’; roots absent. 

Light yellowish brown (lOYR 6/4 ; 5/2 moist) ; silty loam ; strong 
very fine granular structure ; sticky and slightly plastic when 
wet, soft and friable while dry ; neutral reaction ; small calcare- 
ous nodules present ; roots absent. 


HORIiiONS, 

0 - 8 " ) 
8"- 16"! 


16"-25" ) 
25"-38" y 
38'L54" ) 

54"-72" 
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(2) Matkota loam-highly calcareous. Matkota loam, kiglily calcarc'otis, soil type 
is also not a very extensive type in the western l>lock of the "Farai Stale Farms. I t 
aggregates a total area of only 725 acres which works out to 1S*2 per eenl. of tlie 
total acreage. It occurs on both sides of the n(‘,w road towards the ceutral ])ortiou 
with a small patch at the western side of Matkota clay loam in the north. Isolatcul 
patches are also found in the north-eastern portions ol' tliis bloc'k. 

The soils arc highly calcareous througliotrt the d<‘p(h, linu' c'onlcnls being 
more than that in the clayey loam type. U])pcr nine iiu'Jics ot‘ the soil is loam in 
texture with a dark gray brown colour and is rich in organic maltin'. 'Hiis laycu' is 
underlain by a lighter textured layer which is gray brown in (a>lonr wilh <'ompara,“ 
tively less organic matter. The sub-soil is pale brown in colour and jioor in orgamic 
matter and nitrogen. The soil profile contains grcaltu' tjuaiuiiics of coarsen 
sand and is situated at slightly hatter topograpliy whicli giv<\s it sonunvhat l)ettcr 
drainage conditions. 

The organic carbon and total nitix)gcn contents arc high, in the surface and 
sub-surface layers but fall very rapidly in the suli-soil. 'Flie total phosphorus 
content is high but available phosjihoric acid is low. Th(' soils arc very mildly 
alkaline the pH values varying lictwccn 7*2 to 7-(), giving it tm adc‘<|uat(' reserve 
of bases. Total exchange capacity is lairly high specially in the surface layer. Hk': 
carbon nitrogen ratio remains n(\ar about 1) at the surlace and sllgluly hroadens in 
the limtr depths. These soils like their (iay loam eoim((n))a.i (s me (‘xjieeicd. to give 
good response with dressings of phes)>halie fertiby^ers in (‘onjunelloti \vl(h liglit ,nilr<i- 
genous doses. Preliminary experiments condu(U<xl on (his soil tyjK' hav<^ indi<ait<*d 
the desirability of this typ(M)f fertilizer y)ra,ctlce (o build up soil ier(ili(y at a, liigh 
level. The elFect of [ohosphato a3)pIi.catiou ou (his soil ( v])e vvauiltl IkmiT a/l^ls^iu^^^^ 
nature and is expected to give residual resi)ons('s ou (wo or Viuec* subsetpimU, cro’ps! 
The excellent reserve of nitrogen and organic matti'r m this soil, Imwevcna sliould be 
carefully preserved as these are lia))lc to lost i‘alli<n' last under tin* i)resent system 
of mechanised cultivation. 

Green manuring with sanai or dhaincha, at kmsi onco in thn^e yeai’s, will consi- 
derably help in maintaining or even building up tin; ferdUty status of these* soils. 

The soil type is suited for alniost all croi)s l)ut paddy, wheal and sllga.rcau(^ mv, 
likely to do very well. Introduction of leguminous catch cro))s in (lu* rotalion will 
further improve the ciop producing caj|)acity. J he nature’: ol tlu'sc: soils is smth that 
crops can be grown without irrigation, but in view of the prevail ing embivatiou 
practices which deplete the moisture content tlirough. dcH*p m(H‘h.anis<*d eultivation, 
light irrigation may become necessary as the water holding capacity is progn\ssively 
reduced. These soils are likely to show good drougiit resistance till such' time as 
the organic matter in them is markedly reduced. 

morphology of a Matkota loam Iiighiy calcanums soil 

Location. Plot No. 68 Matkota State Farm, Rudrapur. 

Irrigation. Unirrigated. 

Topography. Flat and levelled. 

Natural vegetation. Kans 

Water table. 10 to 12 ft. in .summer ; 3 It. in mousu<m. 
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M0Rl?H0L0GrCAL 

Horizons 

0-9^ Dark gray brown (lOYR 4/2 ; 3/2 moist) ; loam ; moderate fine 
crum]3 structure ; sticky and plastic when wet ; friable on drying ; 
soft ; neutral in reaction ; calcareous ; organic matter medium ; 
plant roots present. 

9''-23'' ^ Gray brown (lOYR 5/2 ; 4/2 moist) ; sandy loam ; weak mediums, 
23"-28" ) single grained structure ; non-sticky and non-plastic ; neutral 
reaction ; small calcareous nodules (chharries) present. 

28"“38" Pale brown (lOYR 6/3 ; 5/2 moist) ; loam ; weak single grained 
structure ; sticky slightly plastic loose and soft when moist but 
friable when dry ; mildly alkaline ; no concretions ; roots absent. 

(3) Matkota loam-slightly calcareous. This soil type occurs more extensively 
than tiie other two soil types described earlier and is the second largest occuring soil 
type on the farm. The soils are found mostly scattered in the western and towards 
the central portions of this block. Some patches are also found in the northern 
and the eastern parts of the farm. The soils occur at slightly elevated regions and 
occupy a total acreage of 1275 acres. This comprises 23 per cent, of the total area 
of the larm. 

This soil type due to its slightly elevated situation is poorer in lime contents. 
It is loam to silty loam in texture on the surface and is gray brown in colour. The 
dei)th of the soil layer is only upto 24 inches where adequate reserve of organic 
matter seems to be present. The lower layers are lighter in colour and the soils 
at 32 inches depth assume a pale brown hue. The texture of the intermediate layer 
is loam wlulc that of the lower layer is silty clay loam. Coarse sand particles have 
apj|)t'iu'ed in the soil in contrast to the clayey loam type showing calcareous nature, 
'i'hc richness of sand particles renders the soil type to exhibit lower water holding 
caj)acity. Base exchange capacity of these soils is somewhat lower than the former 
soil types l.)ut in the lower regions of the soil profile it is of the same order. The 
])ase staUis of the exchange complex is also poorer as compared to the calcareous 
soil. 

The nutrient status of this soil type is poor. The organic matter contents are 
considerably lower and total nitrogen follows the distribution of organic carbon. 
Carbon-nitrogen ratio ramains almost constant at about 10*4. The pH of the soil 
ranges towards mildly alkaline side. Available phosphate content is low and this 
fact sul)stantiatcd by the raw nature of the humus inevitably leads to the conclu- 
sion that ideal manurial supplement for this soil type will be light dressings of both 
nitrogvm and phosphoric acid. 

In view of the inherent danger of the depletion of organic matter frequent 
green manuring practices should be adopted. Both dhaincha and sanai can thrive 
well on these soils though the former may behave erroneously during the years of 
low rainhill. Sanai thus seems to be a more suited green manure crop for this soil 
type. The soil type is more suited to crops like maize, wheat and paddy. During 
iabi mustards may prove to be highly profitable crops. Introducing some legumi- 
nous crops during /c/mrz/' is also advisable. 

Deep mechanised cultivation is liable to bring deterioration of moisture status 
and loss of reserve organic matter. Light cultivation is expected to be ideally 
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suited for this soil type. Irrigation facility cons(i1u(cs one of (he prinic necessity 
of good management on this soil type. The morphology of a rcjn-escntalive profile 
is given IdcIow : 

Location. . Plot No. 203 Matkota State: h’ arm, Rudrapur, 

Irrigation , N o irrigation . 

Topograpiiy. Level. 

Natural vegetation. Kans and Narkul. 

Water tasle. 10 ft. in summer ; 5 ft. in monsoon. 

Morphological 

Horizons 

0-9" Gray brown (lOYR s5/2 ; 4/2 moist) ; loam ; strong medium 
granular structure ; slightly sticky and plastic' when wet ; soft 
and friable when dry ; neutral reaction ; no ('oncix'lions ; rich 
in organic matter ; roots |.)rcsent. 

9"-24" Gray ])rown (lOYR 5/2 ; ^ 4/2 moist) ; hrain ; weak tra'dimn 
gTanular structure ; non-slieky ; sliglvlly plas(l(' ; soft ajul friable ; 
mildly alkaline ; conon'tions abst'nt ; no roots pn'seul. 

24"-32'' Pale lirown (lOYR G/3 ; 5/2 moist) ; silty day loaan ; mod(‘ra,(e 
fine granular structure ; sticky and plastic ; mildly alkulinx' ; 
clay pan present. 

(4) Matkota loam non-calcareous, TIic extent of the area under this soil (yjic 
amounts to 925 acres and accounts for 17 per cemt. of the total arcui. I’lie soils are 
found mainly distributed in the central, southern and north-xaislern corner on botli 
sides of Rudrapur Nagla Road, some patches are also found in the (xmtral and 
south-eastern parts. 

This soil type possesses a loam to sandy loam texture at the surface whu'h 
get heavier in the lower depths. The bottom layers below 3() inelu'.s are sandy 
loam or even sandy at times. The soils arc grayish brown in eoloui' but <Ii<' lower 
layers get darker in shade. The intermediate layers arc' dark gray brown a,nd tlu' 
bottom layers are yellowish brown in colour. 'Phe soil jiroliU^ thus prc^scviUs a 
transitionary soil type between the Matkota loarn-slight ly calcareous arul Matkota 
sandy loam soils. They have a poor water retentive ca))acity and arc/not v<n*y 
suitable for growing crops specially in absence of irrigation. The soils havc^ 
average plant nutrient status. Organic matter contents are average to liigh ancl 
so is the case with total nitrogen. The G/N ratio is low. Tlutse soils can tlius 
retain their nutrient status and will respond well to all cidtural and rmmurial 
treatments. The available phosphate contents are medium. soils rcxniim 

application of both phosphatic as well as nitrogenous fertilizers in hmg term fert i- 
lity maintenance. 

The lighter texture of the soils makes water rcquircmoits of (his soil (yp,> 
comparatively higher. Arrangement for regular irrigation should (hus lie maac' 
on this area. The cultivation practices for this soil type should he limited to lijdit 
cultivation through the help of light imjjlemcnts and tractors with studlow ploiudi- 
ing devices. Disturbance of sub-soils will prove deterimental in long terni iise and 
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soil btiilding will be hampered. The morphology of a profile of this type is des- 
cribed below : 

Location. Plot No. 192 Matkota State Farm, Rudrapur. 

Irrigation. No irrigation. 

Toi>OGRAmY. Slightly high lying. 

Natural vegetation. Kans and Makra rnakri. ' 

Water table. 14 ft. in summer : 6 ft. in monsoon. 

Mori^iiologtcal 

Horizons ■ ^ . 

0-9" Gray brown (2*5Y 5/2 ; 4/2 moist) ; loam, moderate medium 

granular structure ; non-sticky ; slightly friable ; neutral in 
reaction ; non-calcareous ; roots present ; rich in organic matter. 

9"-22" I Dark gray brown (2‘5Y 4/2 ; 3/2 moist) ; loam to clay loam, strong 

22"-36" y medium granular structure ; sticky and plastic ; compact than 
above ; non-calcareous ; neutral reaction ; medium organic matter. 

36"-54" Yellowish brown (lOYR 5/4 ; 4/2 moist) ; sandy loam ; structure- 
less ; non-sticky ; non-plastic ; loose friable non-calcareous neutral 
reaction ; organic matter absent. 

(5) Matkota sandy loam, Matkota sandy loams are the most extensively occur- 
ring soils of the western block of Tarai State Farms. These soils are widely found 
in the north-western portion and also in the south-eastern side of the farm. Scat- 
tered patches arc found in the north-east and central portions towards the right 
side of Nagla Road at some distance from Patharchetta. This type covers an area 
of 1950 acres and accounts for about 35 per cent, of the total farm acreage. 

'Hie soils arc sandy loam to sandy in texture and are dark brown to reddish 
l)rown in colour. There appears to be very little proportions of finer fractions and 
accordingly i)owcr of soil aggregation is almost completely absent from these sods. 
'Flu^ (uitire profile from top to bottom has practically the same sandy texture, rather 
the lower layers contain higher proportion of coarse sand. No depth of good 
soil is thus present and therefore the soils are liable to suffer from droughty condi- 
tions, PS the rate of percolation of water in these soils is excessive. The water 
liolding capacity has been found to be very low. Organic matter contents are 
also low specially in the lower regions. The surface layer, however, has got some 
iTserve of organic matter which is not likely to last long under intensive 
cultivation. The exchange capacity of these soils is low as is common with soils 
of low clay contents. 

The nutritional status of these soils is also very poor and C/N ratio is broad. 
This shows very low proportions of nitrogen contents in the soil. These soils have 
medium to high contents of available phosphate and responses with phosphatic 
fertilizers can only be expected when supplemented with heavier nitrogen doses. 
A.t limes phosphate application may not be beneficial to the extents found in other 
soil types but nitrogen dressings will always yield encouraging increases. The poor 
aggrcigation of the soil makes it necessary to include annual green manuring with 
sanai in the soil management practices for this soil region. 

These soils in fact are not very suited to agricultural crops and should be 
best utilised for pasture. Besides this use only crops like small millets e,g.^ madua 
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and jowar can satisfactorily grow during kharrf. lluring rabi only oais will give 
good results but barley may also be tried in patches with iinprov(nl aggregations, 
it may, however, 1)C noted that water re(|uircinents of thes(^ soils is v(n‘y high and 
in any scheme of soil management provision of frc^cinent irrigntion bn* Uiis area, 
must be made. With ad'equah* mamiring a,nd su|)j)li<\s (drirrigalion wa,ter g()()(l 
crops may 1)C o]>taiued on this soil typo, dlie soils a, re vnn'y thiti and dec‘p ]>lougii- 
ing is contra-indicated. Perhaps a year <n’ lvv() (d' s()d Ibllnwecl by a, yetir <)r tw<) 
of cultivation may hedp to l>uijd lh<^ soil liirtlnn’ and improve* (a’op product ion. 

A profile of this type has tlie following e.haraeU'ristie morjihologinal features. 

Locatton. Plot No. 113 Matkola State h'ann, Rudrapur. 

Topography. Undnlated, sloping to west. 

Irrigaiion. No. 

Natural vegetation. Makra inakri. 

Water table. 18 ft. in summer ; 7 ft. in monsoon. 

Morphological 

Horizons 

0-9'' Dark brown (10VR4/2 ; 5/3 moist) ; sandy loam ; wtmk very coarse 

siruclun^ ; non-stieky and ium-]>lasli,c ; l)os(\ neutral in rtaietion ; 
no conerethnis ; ricli. inorganie. ma(t(*r ; roots ))reseal. 

9"-lB" (frayish brown (lOYR 5/2 ; 4/2 moist) ; sandy w<nk V(*ry eoars<" 
strxictureless ; non-stieky ; non-jilastie. a.n<l luos<^ ; no (snua't^tious ; 
neutral in reaction ; lew thin roots ])res(nit. 

18 '-32" Yelh)wish ))rown (lOYR 5/4 ; 4/2 moist) ; sa.ndy ; wiuik v<*ry coarse, 
structureless ; non-sticky ; and non-plastics ; loose, netural in 
reaction ; no concretions. 

32"-39" ^ Yellowish brown (lOYR 5/4 ; 4/2 moist); coarse sandy; struc- 

39"-51" > lurelcss ; non-sticky ; non-})laslic ; very loose; slightly ac'idlc* 

51 "-72" ) reaction ; no concretions. 

HOW TO maintain SOILS AND INCRF.ASK (lROI> \TIVLI)S 

The soils of Matkota farm are young and immat ure* and sali.sfa<1ory <*rop 
yields year after year are possi])lc only through good soil maiiagemeul and favour- 
able weather conditions. At the Matkota fa,rm the proportion o{' first <4oss soil 
of good productivity is not very large. Matkola day loa.m and Matkota loaatu 
highly calcareous, which together may ])e taken to rtrpr<‘se,nt gv)od cpiality soils on 
the farm, occupy only 24*5 per cent, of the total area. Matkota sandy h>am, whicdi 
is a thin soil and has not in it much reserves of Tiutrienls, is fairly extensive* ot'cnpying 
about 35*4 per cent, of the land. The rest of the land amounting to aboui 40 p<u 
cent, of the area, is an average quality soil. It is, therefore, essential (Irat (lie ‘pro- 
ductivity of the good quality soil is maintained and tliat of (he poor <jualily one 
built up to higher levels before satisfactory crop yields can be <*x()e(hed ov<u a num- 
ber of years. 

Good soil management refers to such )>racticvs as a good choice and roOition 
of crops, adapted and tried improved ciop varieties, apjilieation of fertilizers Or 
other amendments where needed, good tillage practices and (dFeetivc* weeal, disra.ses 
and pest control. A short term or long term rotation containing liqpiriies siniuld 
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be used on all the soil types of the farna. This practice will provide enough organic 
matter and nitrogen and improve the physical condition of the soils. A deep rooted 
legume, like dhaincha, if turned under will help much to prevent loss of soil organic 
matter. Attempts should be made to select out proper legumes for the various soil 
areas and adopt those that succeed in the actual cropping programmes. 

FERTILIZER REQIJIREMENTS OF TARAI SOILS 

The use of commercial fertilizers on the farm is likely to produce beneficial 
results. As is evident from Table 2 the soils are of calcareous origin with a very 
mild alkaline reaction and no liming is required . The nitrogen status of the soils 
is high and majority of the soils lie in the range of nitrogen contents from O'OS to 
0T25 per cent. This nitrogen content is very satisfactory for crop production. 
The distribution of nitrogen 'and available (GOa-soluble) phosphorus contents of 
soils from Matkota Farm is given in Tables 3 and 4. 


TABLE 3 

Nitrogen Content of Matkota Farm Soils 




Total 

0-04- 

0-06- 

0-08- 

0-10- 

0-125- 

0-150 

0T75 


Soil Type 

numbei' 

0-06 

0-08 

OTO 

0-125 

0-150 

-0-175 

-0-200 

Clayey loam soil 


7 


1 

2 

1 

1 

2 



Sub-soil 


5 


1 

1 

3 

1 

. 


Loaxn 

(highly calcareous) 

Soil 

6 

1 

* 

1 

1 

1 

2 


Sub-soil 


5 

1 

. 

1 

2 


2 


Loam 

''slightly calcareous) 

Soil 

15 


i 

3 

5 

3 

3 



' Sub-soil 


9 


2 

4 

1 



Loam 

(non-calcareous) 

Soil 

8 



1 

3 

• 

4 



Sub-soil 


6 



3 

2 


1 


Sand> 

loaju soil 


15 

1 

3 

8 

2 

2 

• 


Sub-soil 


5 

3 


1 

• 

* 

• 

Total 


Sf 

T"' 

... 

“”22" 


8 

13 

2 


TABLE 4 

Availaulh Pmo.sphorous Content of Matkota Farm Soils 


Soil Type 


Total Traces Low Medium High 
Number 


Clayey loam 
Loam highly calcareous 
Ijoam slightly calcareous 
I.oam non-calcareous 
Sandy loam soil 


15 

6 

17 

8 

20 


5 
1 

12 

2 

6 


10 

5 

4 

3 

9 


1 

2 

4 


Total 


66 


26 


31 


Application of nitrogenous fertilizers as a routine practice for all crops and 

all soil types docs not seem to be necessary. But some nitrogenous fertilizer will 
ocrlainly be required specially for average to poor sod types of the farm. In gene- 
ral tlKd available phosphate status of all the soil types, specially the clay loam and 
tlu‘ loams appear to vary from traces to low while the sandy sods hav^ propoi ions 
of tins nutrient varying from low to medium. 
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tn order to verify these observations olitained from soil analysis, af^ronoinu', 
field trials were laid out on the farm during the three years () 95)1-54). Some 
parallel experiments on the fields of the cultivators in the adjoining n,rea, werc^ also 
done to see ifuhe results obtained could have a wider aj)j)Iieal)ility, 

Following set of experunents laid down on the various soil ty|)(\s throngiiout 
the Tarai area : — 

(a) Simple field trials with economical dosi^s ol' nitrogim and phosphoric. 

acid. 

(b) Experiments with va.rying dosi's of phosphorle a,eid on short duration 

crops. 

(r) Statistically designed exjierinienls on majoi' kfiarif am] rabl ('nrps. 

In all the experiments to l:>e described li.dow nitrogvm wa,s a.(UI/Hl as annnon- 
ium sulphate on the surface and phosphoric acid as single sujierphosphatx' in aiuaird- 
ance with the technkjue developed in this section wliereliy it is phuxxl 3 to 4 inclu^s 
deep in bands near the root zone. It is ()f the utnuist hnpoi (aiuxmhat this tech- 
nique is strictly adhered to if reproducible results are dcsuiid. 

(a) Simple field trials with N and P. I’he present jiositiou In regard to the 
simple experiments done to assess the detieieney or othxu’wlsc^ of flu' priiu'ipal jjlani 
nutrientSj i.e., nitrogen and phosphoric acid, is giv<m in M’ahh' 5. 

'rABLf; 5 


Aviuuca^ Yields oe ,l)iiun';u..r:N‘r; (luors oin-; 'ro h’luen lizmr 
™';A^rivtL;N’rs in '.rAHAi Sori.s 
(ll)S p<rr a, ere) 


Crop 

Period of No. of 

CiRATN 


S 1 RAW R<m larks 

duration 

Expts. 

Clontrol N 

N-hP CloiUrol N N+'P (doses) 

Wheat 

1951-53 

14 

992 

1150 

1400 

2367 3001 3179 N ;U; 30 

Per cent, 
control 






ll>s nitro- 

over 


100 

Ilf) 

141 

f;('n ix'r 

100 127 PM acre.' P 

Barley 






al 60 lbs 

1952-53 

2 

733 

717 

932 

1402 1740 1940 P.j()„ ])er 

Per cent. 

over 





a.erc . 

control 


* • • 

IOC) 

98 

127 

100 124 I3(! 

Oats 

1952-53 

6 

405 

496 

593 

973 1226 1247 Do. 

Per cent. 

over 





control 

Paddy 

1951-54 

17 

100 

1379 

122 

1606 

I4(i 

1699 

100 126 12a 

3456 4121 4030 N at 25 lbs 

Per cent, 
control 

over 

4 * * 

100 

116 

123 

N ])er acre 
P at 50 lbs 
100 119 117 JV:)„ per 

Ma’ze 

1951-54 

3 

1103 

1117 

1250 

acre 

2617 3447 3607 N at 15 lbs 

Per cent, 
control 

over 

... 

100 

101 

113 

N per acre 
100 132 138 P at 30 

lbs IV )i. 

Jo war 

1953-54 

2 

1G40 

1900 

2360 : 

jxir ai'i'c. 

25540 28200 30380 Do. 

rer cent, over control 

... 

100 

116 

144 

100 lit) 115) 
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the residual effect of the fertilizers. Table 8 eonlain (1 h' dala. ol>f:rm(al on (he wluuU: 
crop lollowing the paddy in which marked residual (dfeel. of phos*phoric: axdd (o (h(! 
extent of 14 per cent, at 50 ll)s ]ev<‘l was S(ven, 


TABIJJ 7 

RpFr/rr op NirROOBNorTs and Pnost>irA*i;r(j r':iarmazi':us 

ON KABl AND KirARlP' CUOPS 


(ll)s p<a’ acr(‘) 


TREATMENTS 

Wheat grain 

Per cent, over control 
Wheat straw 

Per cent, over control 
Wheat straw 

Per cent, over control 

Year 

1952-53 

1951- 52 

1952- 53 

N« 

1806 

100 

4020 

100 

5999 

100 

1891 

105 

4471 

111 

7039 

117 

N.m 

1782 

99 

4555 

113 

8352 

139 

IV 

1591 

100 

3691 

UK) 

5357 

100 

I) 

1 8.5.5 

117 

•1662 

126 

7686 

143 

2033 

128 

4693 

127 

8348 

156 

TREATMENTS 

Year 

N-:: 

N,, 

. Nr,o 

P 



Paddy grain 

1951-52 

438 

607 

()87 

533 

5(i0 

Per cent, over control 


100 

139 

157 

lOO 

105 

y K H ) 

1 19 
1098 
88 
l(i8!) 
116 
6‘19.5 
110 

Paddy grain 

1952-53 

1220 

1135 

1115 

124!) 

1 1 2'!’ 

Per cent, over control 

... 

100 

93 

91 

100 

!lo 

ihll 

Paddy straw 

1951-52 

1169 

1580 

2013 

hlb2 

Per cent, over control 

. . . 

100 

1 35 

172 

100 

1 10 
(>128, 

Paddy straw 

1952-53 

6517 

5995 

5997 

5880 

Per cent, over control 

... 

100 

92 

92 

100 

104 


(N. B. biiilixcs aitci* nutrients indicate doses per acre * tj )] ) U q d ("> ' { 1 ^ )| ) j 


TABLli 8 

Residual mimcr of FimTrLtzKTts on mmAr chop 

FOILOWTNG Tin; PADDY CHOP 


(lbs per acre) 


N« 

N,n 

N50 

. .'V 

973 

1 107 

1069 

1044 

1113 

100 

98 

104 

100 

1 1 4 

3037 

3209 

3't60 

3104 

3133 

100 

106 

114 

100 

101 


**100 

1147 

118 

3400 

112 


acre ap|)li(‘d (o the jnaaaaTb 


TREATME NTS _ 

Wheat grain 
Per cent, over control 
Wheat straw 
Per cent, over control 

(N. B. Suffixes after nutrients indicate doses riei 
ing crop) . ^ 

The results obtained in regard to the deficiency of poiash in tlu'sc sulk 
not yet conclusive although indications arc that applical^i,on ()f potash 'is poiaJsiilm 
sulphate at 60 lbs KoO per acre for wheat gives increased ('roj) produedon, 

Summary 

The paper illustrates how soil survey and soil classifical iou can lx* oC Ixdn in 
developing and managmg. scientifically a rcc-Iainu.l an«a I<n4.nrliru«'d ^ 
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cullural prosperity. Detailed soil survey and soil mapping of one unit of Tarai 
Stale Farms, consisting of 5500 acres in the Nainital Tarai of Uttar Pradesh showed 
the presence of five soil types which differed from one another in soil character- 
istics, fertility status, agronomic adaptibility and fertilizer requirements. A detailed 
soil map showing the distribution of these soil types was prepared. 

On the basis of the existing information on these soil types recommendations 
for suitable crop rotations ; water, manure and fertilizer requirements ; and tillage 
practices for increased crop production and soil fertility maintenance have been 
given. 

The fertilizer requirements, as indicated from soil analysis data, have been 
verified through field tests conducted on the farm for three years. 
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EVOLUTION CYCLES OBSERVED IN DLSERT FRINGE LANI) 

Bj M. RIM 

Hebrew University, Jerusalem, Israel 
(Received on 17th November, 1954) 

{Communicated by Dr. S. P. Mitra) 


Soil and land evolution is sometimes conceived as a steady, gradual change, 
sometimes supposed to conform to self-repetitious, cyclic patterns. Usually 
such notions are bound to remain rather vague and non-specific, since the time 
periods involved in evolution cycles are far. too long to permit scrutiny, not to 
mention investigation or speculation as to the causing mechanisms. A notable 
exception to this seems to be afforded by evolution of sand-desert fringe land ; 
there, short-period alternating border fluctuations of the desert land on one side, 
and the vegetated land on the other, are known to. have taken place during the 
lifetime of only a few human generations. A quicker-than-normal pace of evolu- 
tional cycles in the particular case of sand-desert fringe land should not be sur- 
prising, considering . the strong opposed influences on such land exerted by the 
contrasting adjoining areas. Yet, study of evolution there, in view of the lesser 
complexity of the problem there and of the shorter time-periods involved— is liable 
to render information relevant to the principles of land evolution in general. In 
310 ktiown case can evolution be considered as a merely on-the-spot, fully self- 
contained process ; it is always largely determined also by the adjoining areas and 
by tlie wider environment as the latter influences wind-regime and air-circulation; 
evaporation, surface and underground drainage, most biological factors, etc. 


The author found opportunity to collect information on the pattern of sand 
encroachment into vegetated land and the re-conquest of the sand tracts by vegeta- 
(ion at two places in Israel ; in the south of the country where sand from the Sinai 
sand-desert is constantly invading pasture land, and more convenient for study 
along the eastern border of the expanding coastal sand dune belt. The latter 
locality, csj)ccia,lly a drift sand bulge with the ruins of the ancient Rornan capital 
ol the country, Caesarea, at its centre and a radius of several miles, provides ample 
historical, geographical reference data, without which observations could not be 
fully interpreted. It was possible from those historical records to calculate the long- 
term (two millenia) average of the sand encroachment rate at that locality which 
was found to be 7 tons per annum per ineter front, or, expressed as annual frontal 
advance of the sand border line, 2^ meters per annum. ^ The 'question inves- 
tigated here was whether this invasion by the sand was taking place at an even, 
steady pace or whether the sand front advanced in rhythmical, jerky motion. 

For tl)is purpose a three mile stretch of the sand tract border line, .where 
it runs convenieivtly parallel to the railway tracks of the Ha ifa-Tel Aviv line (bet^ 
ween the stations of Benyamina and Hedera) was ta.ken under close observation 
for a (luarter of a century. A telegraph line, running also parallel on the western 
side of the border, served as excellent reference line not only for detecting lateral 
shifts of the sand border but also for exact estimation of the changing sand levels 
(the sand at some places piled up so high that the dune tops almost touched the 
wires). The basis for all following observations was a careful survey by the local 
dcvelopmcnl authority iu 1927 (PICA), where the distnbution and 
thecncroachint; sand were mapped. Ten years later the late Professor A Reifen- 
berf of the l lc1)rcw Univer.<sity measured and recorded the chaiiges of the sand 
border line that had occurred since. After another 10-year interval in 1947 
the present writer re-checked the distribution of the sand noting the advance of 
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the sand front where it had taken place. Finally, lie re-visllcd (he sand frlnijc 
again this_ year to see whether the advance had continued. All visits look place 
at approximately the same season of the year, namely autumn. 

Comparison of tho.se four successive surveys show tlial the rale ol' stuitl 
front advance had far from being steady, even become reversed, oecasionallv 
It transpired that the average advance velocity for the first of tlie lO-year 
intervals had been almost equal lo (he albrenicnlioned ('aleulalcd inillcrual 
average, namely 2 meters per annum. ,Bn( during the second IO-v(‘ar inlervid 
the sand advance had been halted, exeeiit at two particular i>oi„is. The 
ast interval, fmally, mit fully ten yetirs yet hronglit with it a. i>rmiounced return of 
the vegetation on to the sand trimts, pressing thus the drilt-sand l,orde.' line hack 
Reference to the level of the telegraph line .showed that this did not imply that 
sand had ceased to be blown across the border or that even some sand had been 
blown back ; it merely meant that the rate of sand aec.mnuhUion luid fallen below 
a critical va.ue so that the incoming sand could he assimilated and stabilised by 
thi; vegetation as it came. The plants getting a progressive foothold on the sand 
were mostly Artemisia monosperma, Retame retain and Polystonum cquist ti forme S 

plant remains to it, of mineral solutions sucKed up from the buried soil beneath 
by deep plant roots, and of dust caught by the aerial parts of tlie jilants. 

These findings were eonlirmed by eompari.son of aerial pbofographs. (wo sets 
,ol which were available ; one set da, ling liaek t(» World War 1 1 whVn ihr • n 
was photographed by the RAF ; and <ute recently phoKup r I c< s c( „ I tu 

those wo sets were not photographeil during \L .san’.e 'seaso.; i.f ,Ik I",! "i;.' 
iK.vei theless the adv<ancc of tlie vogcta.(ion into ilic sand a,reii could hti clcliiiy’secu. 

Ck,nkkai, Fohmu), ATI-on oi.' Cvoun FouMiNti ,MT;tatANiSMs 

Examination of local meteorological records shows that tlu>re were no corces 
ponding climate lluctuations dnringtho.se three lO-year intervals, ti. whid tlu- 
dcscubed (iscillation of the sand border might have, been, ft is also evident from 
results of observations at nearby locations that die rhythm of sand enShmS 
IS not ncce.ssauly synchronous at dilferent locations, 'id exjilain the iilienomeuou 
merely by referring to unspecified ecological factors, which unthluluei v v 
evdetioA.**’ towards a general formulation of the causes of eyeUc' 

Abstract deliberations lead to the eonelusion that no cycles or i hvilmisncu. 
be expected in evolution if it is composed e.xclusiveJy of p,ocessI-s r, , ■ A ^ 

Steady rate. ^ or more olMhesc arc of surh irKn.v. ^ 

gradually with the progress of evolution the In iter will ,i'ii ** dnuuu.sh 

though /ossiblymiiit 'change utcim m ‘ „e 

involved IS characterised by a tendency to inerea.se not vr k h a k ' I m • 
to Its own intensity at a given momenk then one oi' lw<, thi .nu 

this self-accelerating process is .so powerful as to <)vern Ic^T «.u I - ’ 

factors and thus lead not to evolution hm ot ouuic all umsliauimf*; oifjer 

stabilising factors will be able to prevent the r'lCim ^ oalasirophu: cwciu ; or, 

cached and thereby cau., ife ffree “ it 

After a While the latter again gains imjietus by i ^seiltuwhm .l'’ 

thus initiates a fresh cycle ; which again will repeal itself ' "HuTamsm and 

Applying these general notions to (ho nresemK. ,)■ > 

a relatively timple one. , he «ilf-„ecele„„i.,„ b hj";';,':';.;;'- “ 
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ciccAitnulcitioii ot sand,. Xlie accumulation of sand is a self-accelerating’ process in 
view of the well-known tendency of drift sand to collect where there already exists 
a collection of drift sand, in preference to collecting on a solid surface ; the higher 
the existing pile, the more drift sand is induced to collect on top of it.^' The con- 
straining force, which prevents the rate of sand accumulation to exceed a given 
maximum is the natural limitation of supply rate hy the wind. Now, as failure of 
sand supply breaks the self-accelerating mechanism of drift-sand accumulation in 
the fringe land, vegetation is given a chance to make its inroad onto the mobile 
sand area ; until some incidental failure somewhere in the vegetational cover 
triggers off a iresh advance of the drift-sand. In passing it may be pointed out, 
that at the lull stage, directed human interference could with comparative ease stop 
the sequence of cycles or change their direction for a large area. 

One of the most common, or possibly the most common, self-accelerating 
process involved in natural evolution is erosion in its many forms. Erosion cycles 
are therefore predominant in nature, but for reasons to be pointed out in the final 
part of this article they are harder to study and will he only briefly referred to in 
this discussion. 

Evidence of Cyclic Land Evolution in the Past 

1 he site of the Agricultural College of the Hebrew University of Israel is 
situated in the midst of an area that is today highly agricultural .(producing the 
biggest share ol IsraePs citrus crop). One millenium ago this area was still a bare 
dune sa/nd tract of the same kind as those discussed in the preceding paragra’phs 
a.rc to-day. At the time the Arabs were conquering this country these sand tracts 
were just slowly beginning to become stabilised. In fact, the central town of this 
a, rca derives its name from the fact that it was founded by the settling Arabs at a 
time wlien the site was still covered with sand : ‘‘Ramie” (which means in the Arab 
laaignage ‘SSands”). At the same time other tracts of land, that from historical 
notes arc known to have been good agricultural land, have turned into drift sand 
plains. It is reasonable to see in these changes phases of longer period cycles 
governed liy internal laws similar to the short period cycles discussed before. 
(The possibility of changes of the natural character of the land owing to the 
agricultiial efforts of the conquering Arab tribes need not be taken into considera- 
tion here, since these tribes, neither skilled nor interested in agriculture, hardly 
were organised to interfere actively with natural evolution : if at all, their inter- 
ference as herdsmen would have had the opposite effect than the one that took 
place in the Ramie area) . 

Cyclic evolution could, admittedly, be more plausible if quantitative 
predictions regarding the duration of cycles and their phases could be made, 
imfortunatcly, only general statements can be made. One of them is, that the 
kind of cycles discussed here (including erosion cycles) are certainly the quickest 
of evolution cycles, because their mechanism of operation is mainly mechanical 
while the commoner kinds are probably predominantly biological. Another 
statement that can be made is that cet. par, cycle duration is most probably 
directly related to the size of the area affected. Thus, cycles of short-time, local 
character may have longer cycles of regional character superimposed on them, 
such as may have been operative in the Ramie area. 

arrodyiumiicul cxplaiuiiion for this curious behaviour of drift sand is rather complicated, 
'rhi.s Icncloucy of drift sand is also wha,t causes mobile sand to form all sons of undulating surfaces, 
dunes, (umuH, rii:)ples, etc., inslcacl of being swept smooth and flat by the wind. 
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On a geological scale the existem^^ of r('gi(m-\vi(lc, long-pcrioil ry<‘I<;s may 
be studied by analysing the assorted sediments deposited l»y them. Borings and 
escarpments in the large region of which both ansis dismissed hefore are parts 
show, that the late pleistocene deopsits of this region consist of re-occurring 
sequences of sediments that arc similar to those produced on the surface now. 
Each sequence is made up of three layers : top : laminated, carfionate-cemented 
sand ; middle : red, carbonate-free sandy soil or loam ; and bottom : impervious, 
reduced iron clay-pan. Figs. 1 a and 1 b depict such a sequence as it is revealed 
along an escarpment in the Ramie area. The “cap” (above the distinct straight 
dividing line indicated by black arrows) constitutes the top-hiycr of the sequence ; 
the middle layer which does not assume any specilic shapes such as the “cap” top 
layer extends in the picture from the line indicated liy the arrows down to the 
bottom of the escarpment ; the bottom layer is hidden in these pictures by tlie 
vegetation in the fore-ground. The full sequence can lie seen on I'ig. 2, which 
shows the same esscarpment in a wider frame ; the excavation below the escarp- 




ment shows the depth of" the bottom layer and below it the top layer of the next 
lower sequence which is identical to the upper sequence. At least three such 
sequences are known on top of each other and are identified with dune ^^genera- 
tions’’ i.e. cycles. The mechanism leading to the sortation of the sediments so 
that a sediment sequence is formed for each ^^generation” has been studied by the 
author in detail and published elsewhere ® 

Occasionally layers of sediments in those sequences are found missing, 
obviously removed by the interference of erosional cycles. Erosional cycles cannot 
l)e studied as easily as the accumulation cycles discussed here since by their very 
nature they leave no records. The investigator may use, however, 'morphological 
indicators. Fig. 3 shows a type of indicator for a* completed erosion cycle, which 
is encountered comonly in sand desert fringe land : a man-sized body of hardened 
soil that stands isolated on the lowered desert floor. Because of their curious 
shape these typical figures have been christened '‘sphinxes” by Walther. “Sphinxes” 
always face in same direction, namely into the predominant wind, since they owe 
their existence to the casual presence of some erosion-resistant substance or object 
(for instance a stone embedded in the former soil) that formes the sphinx’ head ; 
this piece continues to protect the body of the sphinx against erosion by the drift 
sand. Fig. 4 shows another means of identifying a completed erosion cycle in 
sand desert fringe land : since the drift sand has a tendency to accumulate; in 
discrete tumuli, even while erosion lowers the level of the land between, former 
soil horizons and profiles are preserved underneath such tumuli, provided these 
tumuli don’t turn into migrant dunes but are held in place by some vegetation. 
'Fhe l)lack arrow in the picture indicates a portion of a former soil horizon sticking 
out from underneath the sand. The vegetation clings to the top of , the tumulus 
in preference to the desert floor, since there drift-sand erosion is still in progress. 
The same distribution of vegetation, indicating the present phase of the erosion 
('.ycle can be discerned in the background of Fig. 3. 

Summary 


Evolution cycles in sand-desert fringe land, where such cycles are compara- 
tiv<^ly simple to oliserve and to record are, discussed and conclusions relating to the 
general cause of cyclic evolution attempted. These causes are formulated as being 
due to the action of sclf-accclerating processes (erosion, sand accumulation) Tinked 
with (wolutioual factors of a stabilising nature. Information regarding the mode 
of <)pcratit)n ()f these factors in sand -desert fringe land was collected by direct 
measurements, by analysing liistorical records, and by interpreting deposit sequen- 
ces of the late Pleistoccnce. It is suggested that human interference during the 
lull-phase of a cycle could well change the course of land evolution even on 
a large scale. 
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Of the many soil forming factors, climutc was considered to he tin; most 
important by Russian geologists. The American School of Soil Scientists was 
influenced to a great extent by the concepts of Russians in this field of investiga- 
tion. As the vastness of the country was a common factor in both the mitions, 
the point of view of climate was terrible in either instance. In the relatively 
small area covered by Madras, however, not much useful purpose will Ik; served 
by looking to climate as an explanation for variation in soil formation, tuid hence 
soil scientists working here have l)cen forced, like, tin; British, to .seek in the 
composition of the parent rock as a clue to the spcctiicular varititioit exhibited 
by the different tyjjes of soil encountered in ;i stntill ex])anse, 

The work of the Chemistry Section, Agrieulturtd College and Research 
Institute, Coimbatore, has been pursued along a nurnlnu' of Une.s prominenf among 
which are, the study of the general characteristics of the dillerent soil types 
present, the origin ofthe.se soils from rock types, the influence of the property 
of parent rock on the characteristics of the soil formed, and the classification and 
comparison of the different soil types. 

GliNERAI, CHARAGTERISTICS OF SOIL 'rYl'ES 

(1) Origin. Harrison and Sivan® investigated the origin of :i nundrer of 
black soils from areas all over thc^ State and observed that ilu' underlying 
rock in the case of black soils of Tirunelveli and Ramnad were garnet fe'rous 
granitoid gneiss, that the same kind of rock without garnet was observed in Bellary 
side, other micaceous gneiss was present under Guntur soils and olht‘r black 
limestone occurred under Nandyal soils. Thus the origin was ol)s(;rved to l)e 
varied and not specific. 

Preliminary work done during 193(i-37'' pointed the e,(»nelu,sion that ininc- 
ralogical composition of parent rock, ralhcr than climate of euvironment;d 
factors was of prominent importance in the origin of black and red soils of the 
State. 

The soil survey of the Tungabhadra Project arca^f* includetl a detailed 
chemical and minerological examination of a number of soil sami>le,s from* pro- 
. file pits, as well as samples of underlying rock. Much light has been thrown by 
this detailed investigation on the origin of black and red soils in contagious area.s^ 
and the relationship between the properties of the p.arent rock and sto’ne Of the 

soils formed. 

It had been previously supposed that black soils were lormed from rmrsoils 
and that the former which were alluvial is found side by side on (he 'runt'alili idri 
• Project area, however, disproves both the above suppositions. 'I'lie uniformit'y 
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of chemical composition, judged from the Si 02 /R 203 ratio for different depths 
in the same profile, and the accumulation of high proportions of salt at about 
the third foot in the profile, argue strongly against the alluvial origin theory for 
the formation of black soils. The occurrence of vast expanses of black soils in 
elevations lends support to the view that they were formed on the spot, and not 
transported. 

A detailed study of the properties of the black and red soils of the Madras 
Deccan on the context of their geological associations was made for fixing the 
origin of these two main types of soils.'^ 

The three main types of rocks occurring in the region were collected and 
analysed. They are (1) Hornblende, granites and gneiss. (2) Micaceous granite 
and Red granite, and (3) Hornblende Schists (Dharwar age). 

The results of complete chemical analysis are tabulated below : 

TABLE I 

CuKMrcAL CoMPOsmoN OP DrFFETiENT Types of Rocks of 'the Madras Deccan. 


Item of analysis Chlorite 

Horn 

Trap 

Horn 

Trap 

Red 

granite 

Mica 

Granite 

Mica 

Granite 

Schist 

Blende 

(Ghalla Blende (Ado- 

(Adoni) Kechen 

Horle- 

(Hagari) (Berin- 

Kurichi) (Ado- 

ni) 


gud. 

kota 

1. Silica (SiOg) 82*24 

hal) 

50-48 

50-28 

ni) 

52-54 

.52-69 

71-37 

73-84 

72-15 

2. Alumina 9*36 

20-13 

18-44 

24-35 

23-44 

14-54 

13-76 

14-31 

(AK,a,) 

3. Iron Oxide 2'95 

9-60 

14-24 

6-98 

8-05 

3*49 

0-88 

3-60 

(Fe.OO 

4. Sesquioxide 12*A1 

29-73 

32-68 

31-33 

31-09 

18*03 

14*64 

17*91 

fAloO.-l-l'e,0-> 

5. Lime (CaO) OdiO 

10-98 

9-64 

7-70 

9-42 

1*54 

1-40 

1-65 

(i, Magnesia (.Mg^^) 

4-21 

6-01 

5-81 

5-21 

0*42 

0-46 

0-54 

7. Potash (KaO) 

0-14 

0-17 

0-78 

1-08 

3*83 

3-78 

4-41 

B. Soda (Na.^O) 

2-23 

2-44 

3-56 

2-74 

3*54 

4-93 

4-21 

9. Silica Sesqui- 2 '44 

3-26 

3-10 

3-09 

3-17 

7*24 

8-98 

7-72 

oxide _ . 

10. Sp. Gravity 2-55 

2 88 

2-82 



2*48 

... 

... 

1 1. Moisture . , _ ^ 

12. Loss on igni- 0*31 

0-14 



007 

0-33 

0*64 

... 


tion. 


It is seen from the table that the traps (which are related to the traps of 
Bombay) have a high Ga, Mg, and Na content, and a low K content. The red 
and micaceous granites have a low Ca content, but a high K, Na content. 
Granites and gniessies containing hornblende are of frequent occurrence in the 
tract, this mineral containing high amounts of Ca, Mg and Na and low 
amounts of K. 

As black soils contain high amounts of Ca, Mg, and Na and red soils high 
amounts of K, but low amounts of Ca, and as the geological associations of black 
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soils were the traps and granite and gcnisses containing liornl>lc'nds and those ol 
the red soils, the red or micaceous granites, it was re!isonal)le to say that the 
respective geological associations were rcsponsil»le for the respective soil types 
produced from them. 

To confirm the above hypothesis, the mineralogical er niposition of the 
black and red soils of the tract, and their respective parent rocks weir studied. « 


i' The minerals present were separated by heavy liquid 
studied under the heads ‘Light;’, ‘Mediund and ‘Heavy’ based 

gravity. 


atul 

on tlH'ir spocifio 


‘^Kock : 

(1) Heavy Fraction.— The granites underlying black soils contaiiic'cl^ horn- 
blende, amphibole and pyroxene. Trap rock contained small (piantities of mica. 
In the granites underlying thred soils, illmenitc and magnetite occurred in 
conspicuous amounts. The absence of hornblende in these rocks was a distin- 
guishing feature. 

(2) ^Medium fracliord . — Almost tlu‘ same mim'raLs \vere encountered. 

(3) Fmc/irm^—Ciiuirtz was present in preponderant mnounts in l)oih 
rooks. Microclinc and Flagiodose felspars o(‘cnrred In the black soil rocks. Some 
levcoxenc was observed in red soil rocks. 

The main diircrencc apparent in the ttiineralogical (‘omposiiion of the 
two rock types was the relative abundance of the ftvrromagncsium inimnal in tin' 
'Heavy* fraction of tbe black soil rocks and tlicir al)sence In llie red soil rocks and 
the occurrence of mica in the 'Medium’ fraction of red soil rock and its abstnna' 
in the other type. 


Soil : 


(1) Hleavy Fraction\— The abundance of ferrornagnesiurn minerals in tln^ 
fine sand fractions of black soils and the absence ()f the same in the red sedd 
separates were the main features in the properties of the two soil tyjics, Altlu)n|^li 
the Iron minerals occurred in both soils, the absence of hornbl(!n(]<^ angite and 
pyroxene characterised the red soils and shari)ly clilferenliatcd tliem fromtim 
black. 


(2) Highf . — Mica plentiful in the rod, and abs('nl in the lda<'k soils. (,)uartz 
was a common factor for both types. 


The similarity in the mineralogical compositimi of tlic i)arcnl rex^k and tht^ 
soil type evolved from it explains in lu) imccrtain ttaans tlumnodc of fiirnnition 
of^the two soil types and excludes completely any view regarding the I'ormation 
of one from the other type, or the alluvial origin of the black soils. 

The relative depths of the black' and red soils and other facts in support 
ns it is known that the black soil rocks weather more easily tlian tint red scdl 
ones, and so Uhe depths of soil formed by weathering wotdd be cxpcctal to l)c 
greater in the case of black soils. ^ 


(2) General properties. Early investigalinu into tiic proiUTties of the 
soils of Madras State revealed the fiict that the black soils artt clmrnctfuiscd bv a 

CaO and MgO (5-7/) and low .sns«iui<).xid‘c 
(28/). Red soils were relatively poor m sihes (45/), very poor in ('aO and L/fgO 


i: 68 ] 



(0-6%)^ and richer in Iron and Alumina (40%). Laterite soils were poorest in 
total silica (35%), almost devoid of CaO and MgO and richest in sesquioxide. 

It was also observed that black soils possessed a high exchange capacity 
and exchangeable Ca, K values and that these decreased with depth, while the 
exchangeable Mg and Na values increased. 

A detailed study of base exchange in the soils of the State^ showed that 
black, and alluvial soils had high exchange capacities, while the others had only 
low values. It was also found possible to classify the soils of the State into 
broad groups according to their silica sesquioxide molar ratios of their clay 
fraction, and that this classification was identical with the one employing the base 
exchange capacity. 

(3) Colour. Harrison and Sivan^ after studying the many local variations 
of the black soils occurring in the State came to the conclusion that Aiinentt’s^ 
explanation that the colour of the black sods Was due to the presence of 
titaniferous magnetite was not capable of universal adoption with reference to 
the black soils of the State, and observed that the black colour was due to a 
colloidal, hydrated silicate of iron and aluminium and also to an organic com- 
pound of iron and aluminium. 

Ramaih and Raghavendrachar^ made an intensive study of the influence 
of organic matter on the colour of black and red soils^ taking typical black and 
laterite soils from Guntur and Taliparamba respectively for their investigation* 
They conclude that it is the quality rather than the quantity of orgnic matter 
present, tnat counts, and attributes, the deep black colour to the combination 
of organic matter with a clay complex of high and high -Ga and Mg 

content, even though a larger amount of organic matter is. present in the red 
laterite soils, the mode of combination is different, and so only the brightness of 
the red colour is diminished. ; . 

IT. STUDY OF ZONAL TYPE 

Black and red soils from profile pits in contiguous areas in Coimbatore 
taluk*^ were studied. A study was undertaken to throw light on the strange 
phenomenon of the occurrence of black and red soils in close proximity, without 
the correspbncling occurrence of climatic or environmental factors to account 

for 'it. , ' ' ' , 

(,/) General Properties of Soils . — The study revealed the fact thari the black 
soil in Coimbatore Taluk is a heavy clay, whereas the red ones collected from 
adjacent areas were loamy.^ The black soil retains more moisture than the 
red, and'^ contains more GaCOg and organic carbon (by wet digestion).^ They 
holds more water soluble salts, especially Na, Ga and Mg sulphates and NaGl 
and has a higher hydrogen ion concentration. 

(2) C/oy.— The chemical analysis of this fraction showed that in black soils, 
the insolubles, GaO, combined SiOg, NagO, silicate of calcium, biO^/Al^Oz and 
SiOg/RgOg wcrc high and RgOg and MgO low. * v ’ 

(5) Fine sill . — Analysis of this fraction showed high amounts ' of matter lost 
on ignition, ptal SiOg, total CaO, MgO, NaoO and less of RgO^and^K^O in black 

soils. ■ ' 
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(if) Fine Sand.— Black soils were shown to contain higher amounts of 
silicate of calcinnij and smaller amounts of K.jO llum the red soils, witli relerenee 

to this fraction. 

Fusion lin(^ saiul in black soils sliowt'cl that c'oni|>arctl to iccl 

soils, the amount decomposed by extraction witli (Jon H( II was higher. I his 
probably indicates the presence of chloride, or lime felspar in assoeiation witli 
black soils, and of arnphil)oles aad phyroxemrs in red soils. 

Base exchange. — I'he base exchange capaxaty of black soils was oI)Scrved 
to be about twice that of the red soils, Clalcium in (he excliangealde and silica, ie 
forms was present in larger amonnts in black soils. 

(5) Dehydration curves. — Those of the black soils resembled that of scolccite 
(a Ca zeolite) and those of red soils, that of Cecil clay. 

In conclusion it might be stated that the analytical data indicate that while 
both the black and red soils are dedrived from Archaean gneisses and granites, 
the former are derived from calci magma and the latter from alkali magma. 

2. BLACK AND RED SOILS FROM THE UDAMAEPET 
AND (}()Jn(:iriETTII>ALYAM AREAS. 

(./) Udamalpct. The (day fraction contained high amonnts of silicate^ of 
calcium, almost completely in tlui excha,ngcal>l('. form. Mirierjih>gicad examination 
showed that in black soils the Ca (existed nunstly as carl)onatc and seldom as 
silicate. In red soils Ca and Mg carl)onates w(U'e formed moslty In lower layers. 
Hornblende was in higher arnonnls in black soil, and leneoxene in higher 
amounts in red soils. The dehydration cinve for black soils resembled I hat of 
scolecite (a calcium zeolite) and that for red, the curve for kaolin. 

(2) Gobichettipalayam. 'Phe red soils of tins tract are foimd to originate from 
calcium amphiboles indicating that oven rocks containing calcium silhmte, in 
absence of Na, decompose into red soil and OaCO.^, as CaC()g by itself will 
not bring about the high pH rcc|uircd for black soil formation. It was observed 
that the Si 0 .^/R 203 ratlos were governed by pH during soil formation* 

(5) Black and ted soils formed on limestones of /he cuddapah Kurtmol fotmaium near 
Jammalamadugu, Tadpatri and JVandikolkur. The Jammalamadugu limestone was l)lack 
and the Nanciikotkur red and highly compact. Decomposition witli (‘old 1 /, 
HCl showed that the non-iimestone portion in (he Jammalamadugu black lime- 
stone was only 18'38% and that the hightu' values of 38*()!) was oluaincd for the 
corresponding fraction of the Nandikotknr red limcs(onc ; (his friction (‘onsistittg 
mainly of C|uartly and clay, 

TABLE IT 

Ri^sults OF Analysis of Black and R;iu) laMj'.STONF Mtoxt (li?DDAPAir 
KiiRNooL Formation in PiuicF^N'rACC'; 



Items of Analysis 

Red limestone 

Black limestone 



Nandikotknr 

Jammalamadugu 

(0 

Matter insoluble in hot 



cone. HCl. 

85-12 

82 ‘22 

( 2 ) 

FegOa and AI 2 O 3 

8-94 

lVBi> 

(3) 

Loss on ignition 

3-6G 

3*30 

(‘•) 

Other bases by (difference) 

2-28 

2 '(i 2 
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The HGl insoluble residue from the Nandikotkur limestone contains more of 
sesquioxides and less of acid insolubles, while that of the black Jammalamadugu 
limestone contains less sesquioxides, apd more of acid insolubles. 

[4) Black Soils Formed from Cretciceous Formation in the ariyalur Tirhchirapalli 
area 11. The black soils were similar in salt content and pH to other soils of the 
same type occurring elsewhere in the State. 

(i) Moisture relationship. The dehydration curves for both black and red 
soils were alike up to 50 C. Red clay had a lower moisture absorption capacity 
than black soils was more due to the moisture of clay than the absolute clay 
content. 


TABLE III 


Hbhydration VALUEi FOR A Clay Sample Ariyalur Black Cotton Soils 


Allinagaram Pit {Firstfoot) 

Temperature 

CG. 

100 

150 

200 

300 

350 

400 

450 

500 

550 

600 


Moisture Loss. 

12-79 

14-19 

17-21 

17- 91 

18- 44 

20- 30- 

21 - 02 
22-18 
23-16 
23-16 


The curve obtained from these figures resembles that of montmorillonite 
and show that the black soils of Madras though derived from different geological 
formation, are similar in properties. 


{ii) Geological Association^'^. The acid soluble aluminium, Fe and Ca, SiOj/Alj 
O., and SiO.>/R .03 of the black soils of the areas were similar in magnitude 
to those of black soils formed from the other formations in the State, viz- granites 
and gneisses schists, Dharwar and Cuddapah and Kurnool shales and 
limestones. 

{Hi) Minerological Examination. The sand fraction of the black soils contained 
about 90% quartz with opaque iron minerals, sphene and some garnet. The 
quartz grains were round showing the sedimentary origin of the parent 
material. 

(.5) Black and Red soils from the Azixnagar area, South Arcot District.^^ 
'Fhis area has a plentiful supply of artesian springs, and contains some 
lignite deposits also. The red soils occupy only a smaller area and are derived 
fi-om Cuddalur formation. The black soils resemble in many respects the' black 
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cotton soils found elsewhere in the State. Peculiar leattua^s an^ their lower 
content of organic matter and consequent liglit black colour and tluur phenouie*- 
nal depths. Borings are said to have descended u])tob«‘'^ Miruu'ologicai! exatuina- 
tion of the sandy fractious reveals the presence: of roundcMl <iuart^ grains^ 
hinting at the sedimentary nature of the origin c)i tlu\se soils. /\iup!ul)oh\s, 
pyroxenes and titanium minerals usually eruainutercul in other bIat‘K soils varic'ties 
are absent here. The soils arc sunni.sed to l)c‘ lualinunUary deianaffg probaldy 
of marine origin and of Crcta<'.e()us or ( luddalore age*. 

{()) Black soils of faoimahwia^hiiia^K The eliv itni^uriiy iircKcnt ’m 
the limestones occurring Iku'o was foiuul to In' uiontinorillnnitie am! kaolinilii' 
and observed to give rise to black and r(*d soils. 'Tin* nim< ak ai c*ous residue 
from the Jammalatnadugu limestoue was black* 'The organic matter in this was 
easily oxidised, hinting at Cambrian or po.si-catnbrian origin. 

(7) Black soils of Hasancu^'*. d'he black soils occurring lien* :\vv interest- 
ing in that that they arc found at the high (devatious au<l in mountainous 
topography, but have most properties in eonunon with similar soils occurring in 
the plains. They contradict the old(*r ilit'ory aeenunting; for black soil forma- 
tion by washing down from higlicr altitude's, d’hc striking dilFerence was in tlu* 
low pit which is attendant on tlu^ high organic matter content. The black colour 
was destroyed by treatment with lb/ witliout any initial.^, dilate add 
digestion. 

(8) lied soils of llriindMVd^\ Sonu^ deig) red soils from (h<^ Tiruiw 
elvcli, Ambasamudrum, Nangumua, 'r<mhau Taluks ol tlu* 'I’irmml vrli District 
were studied to observe any departure in properties (rom otlu*r n*d .soils. 'Plu'si* 
were apparently derived bearing from garnet iferous a^eitUt" gruiuti* olDIu* west<*rn 
ghats, biotite and iron amphiboles and pyroxenes present in the parent rock 
contrd)uted to the deep red colour of these soils, 'The cla.y was kaoHuitie and 
the SiOa/R/)jj ratios were of the same ma,griitude as for other red stuJs round 
elsewhere in the State, 

{9) Red soils of Saravanampatii {Coimbatore J)t.) Hostir iitid Miiulu])ur Mud 
their geological associatioix : [i) Sravanampatti : Xliiart'/. luimctitc rocks W(*r(* 

responsible for the formation of red soils in this tract. 

(w)Hosur: The soils are deep red in colour aiul tracxMheir origin t(> tlie 
acidic, gray weathered gneisses in the area, whiclx contain {linite h'lspars. 'Plic 
soils formed are sandy and gravelly. 

{Hi) Hindupur : The red soils represent in association witli kaukar, and 
are brownish in colour. 

{10) Red soils of the Lower Bhavani Project area, I’hc pan'ui ro(‘k i.s scliislosc 
geneiss, containing quartz, felspar, muscovite limonite, talc, granite, scrixmline, 
calcite, and magnetite, The red soils formed from these arc sliallow, and 
are coarse in texture. 

{11) Allvuial soils of Villupurarnd^^ The soils are coastal alluiva, rcsemliling 
the black soils. More than 75% is made up of the sajidy frac'tion. The 
top soils is black, but the sub-soil is yellowish black. When (lu* top soil is 
treated with N/5 HCl, and then with H 2 O 2 the rcsidm^ a.c((uirc.s the eolour of the 
sub-soil. In this respect these soils behave like other black soils of UumSuUe. 
Quartz, microcline felspar, pyroxene and Icucoxcnc arc met with in tlie tim; sand 
fraction. The alluvial origin of the soils is indicated by tlie round quartz grains. 
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{12) The laterites of nilesf'.awarJ‘^ The soils belonging to the Agricultural 
Research Station, Nileshwar differ from the typical laterite in some respects. 
Profile studies suggest a marine origin of the soil. Shales' have been very 
often encounted in the sub-soil and are so plentiful as to meet the local require- 
ment of burnt lime. 


TABLE IV 



Nileshwar 

Taliparamba 

(1) Loss on ignition 

13T9 

18-23 

(2) Silica (SiOa) 

41-28 

33-98 

(3) Alumina (Al.^Og) 

33-26 

31-86 

(4) Ferric oxide (Fe20;}) 

10-47 

16-41 

(5) Lime (CaO) 

0-063 



The above table show the chief constituents of the Nileshwar clay compared 
with corresponding areas of the Taliparamba clays which can be taken to repre- 
sent a typical laterite. It will be observed that the Nileshwar clay contains 
higher amounts of the explanation for the yellow^ colour of the soils in this tract. 
The higher value for SiOo places the soils in the laterite group of soils and 
excludes them from the true laterite group. 

(13) The soil types of the Kollegal tract3’^ {%) Alluvial soils: — The paddy lands 
under the big tanks are alluvial in origin as indicated by the underlying bed 
of sand. 

Gneisses, of varying minerological composition with dykes and veins of 
of arnphil)olites constitute the geological formation in the area. 

(i?‘) Black soils : — These resemble the other black soil of the State, but are 
hij^luly clayey, containing more than 80% of fine fractions. 

Marnctitc and alkali felspar are conspicuously absent in the fine sand frac- 
tions of Uie Idack soils. The rounded form of the quartz grains, and the presence 
of concrctioncry gravel made up of ferugenous calcium cabonate and organic 
matter point to the alluvial origin of the black soils occurring Here. 

Chemical analysis reveals the fact that the black soils present in. this area 
ditfer from those present elsewhere in containing high amounts of unweathered 
silicate minerals like felspar and hornblende. 

SUMMARY 

(1) The importance of the role of parent rock in determining soil type has 
been stressed. 

(2) The probable origin of black and red soils from similar rocks of differ- 
ent rnineralogical composition has been inferred from a detailed study of the soil 
profiles in the Tungabhadra Project area. 

(‘T The general characteristics of the soils of the State have been investi- 
gated and the usefulness of SiC.^/RaOj and base exchange capacity in charac- 
terising soil types pointed out. , 

(4) A possible explanation for the colour of the black and red soils has 
been put forth. 
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(5) The different soil types encountered round al)(nU Udandj>et (iobiehelti^ 
palayam, Ariyalur, fammalamadugu Nandikoikur, Azi/.na,ga.r, Ilasanur, Triuneveli 
Sravanmpatti, Lower Bhavani Project area, Villipuraui, Nileswar and Kollega 
have been described in detail and their individual peculiarites |)oin( otu. 
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SOIL CLASSIFICATION IN RELATION TO AGRICULTURAL 

DEVELOPMENT 

. By B. K. MUKERJI 
Additional Director of Agriculture^ U. P* 

(Received on I5th December, 1954) 

{Communicated by Dr, S. P, Mitra) 

It has now been recognised that crop planning and maximisation of agri- 
cultural yields should be based on soil conditions. The recognition of the import- 
ance of soil to crop husbandry has come about due to the realisation that further 
progress in securing phenomenal increases in yield by breeding and selection of 
crops can only be possible by the improvements in cultural practices. The 
methods of proper crop rotation, manuring and irrigation must now be largely 
relied upon for improving yields ; and soil conditions have to be studied in detail 
to base the measures of yield improvement on scientific lines. 

In pedological sense, a soil should have certain well defined and almost 
rigid attributes, and all the earthy material on which crops are grown is not 
necessarily soil. In this sense some of the fresh alluvial soils and the soils 
on terraced Hats and aprons cannot be considered as soils. For those who are 
engaged in soil survey work for the purpose ’ of crop improvement, soils should 
be characterised not only by their inherent attributes but also by those properties 
that have subsequently been acquired by them through human activity. Thus 
characteristics on the basis of which soils are classified in pedological sense have 
to be extended and supplemented, so that one may fully comprehend the soil 
as it is obtained in the fields. It is clear that the pedological classification, 
evolved as a result of studies of soils, ‘unsullied by the hand of man,’ is too inade- 
(juate to classify all the soils of our fields. Besides, the parameters of the attri- 
bxitcs on the basis of which soils of temperate parts of the globe are classified 
are insuificient to fully characterise the soils of the tropics. Soil structure is an 
instance to the point. Under temperate conditions due to slower oxidation 
of organic matter the soil structure is well-defined and fully developed. The 
soil structure met with under Northern India conditions, for instance, is only 
weakly developed. The colour intensity is dependent on the moisture content 
of soils’ and the same soil under different degree of desiccation or moisture level 
may give diflerent intensities of colour. This feature of tropical soils is not 
ol)tained in the temperate countries where rainfall is more or less uniform in 
different months and the soils are not subject to that degree of drying as is usual 
in the dry summers of the tropics. Stability of soil aggregates against impact 
of tropical rains is one of the important factors for evaluating agricultural 
characteristics of the soils, and in any soil classification this fact should also be 
taken into consideration. The actual colour of individual soil aggregates in our 
climate is masked by the colour of the cementing material. The field behaviour 
of soils towards crops, manures and irrigation water in alluvial basins and in 
Bundelkhand region in U. P. indicates that the limits of particle size generally 
adopted for characterising soils as sandy loam, loam, silty loam, clay loam and 
clay in temperate countries are not applicable to the local conditions. All these 
features of soil morphology must be taken into consideration in the characteri- 
sation of the soils of the tropics, hot temperate and humid tropic. The examples 
cited above arc merely illustrative and by no means exhaustive. It may be seen 
that there is considerable scope for a measure of pioneering work in soil systema- 


L 75 ] 



tics, and one should be circumspect in applying in foto the experience' gained in 
soil work in the temperate regions to the conditions obtained in India. The 
more fundamental principles already learned would, howcv/er, l)e useful. 

The soils can be classified according to their iuheiumt eharatncrisiics as 
well as in relation to a particular purpose, agricultural devcdoprneni, atTon^s- 
tadon, road making, soil conservation,, etc. In genetic elassillc'.ation tlu' n'laiive 

significance of the soil characteristics— “both internal and external is eepud, d’he 
significance of the characteristics in an interpretive cl,assiri(uilion varies aci'ording 
to the requirements of the object. In order lliat it ma,y truly I'cdlect both ((uaH« 
tatively and quantitatively crop responses, an iut(‘r})r<ulv(' soil i'lassifieaiion 
must also have a dynamic charvicter and must crystallise the detailed inter- 
actions of pedogenic and human . factors in the make up of the soil profile. A 
classification based on the detailed study of the soil profile has of necessity a 
scientific value besides being practical in application. A clynamh' classification 
is also then necessarily genetic, but a genetic classification need not invariably 
be based on dynamic considerations. If the soil lyp<' is to fully ex])ress itself 
as a factor determining crop adaptibilily, it is rua'cssar)* that all profile charao 
teristics are assigned a place appropriate to (luur relative significance to crop. 
A well conceived grouping nunst be based on dilfmamtiating chractcristics winch 
are important for the objective and carries the greatixst iK)ssil:de fiund)trr of co- 
varying accessory factors that arc also e((uaUy important f<»r the pnrpcrsc. Accord- 
ing to their relative importance the soil eharaeterlsli(\s should Ix' (considered at 
the different category levels. The difiVurutialing ehar:uU(vrIsl ics should consist 
of all those morphological, chemical, physhud and biochemical char;uM<*risti(ss 
of soil which are significant for cro]) growth au<l developimuit. At (sudi ('ait*|,»'oi y 
level the soil characteristics should lie dividt'd into a niunlxu' of luunogejious 
classes relevant to the objective. At the h) west categ()ry^ level, llie acauiracy ol‘ 
observation is high but the number of statenu'nts that (audd Ix' made* In relation 
to the objective is low. At higher category levels llx' numlxu* of statements 
that could be made arc high although chie to a ntuul)cr ()f e()*varying accessory 
factors, the accui'acy of the statements would be of a low order. 

It is by no means an easy matter to assign specific p()sitions U) s<>il eluirac- 
ters at different category levels. There is no great diflerenca'! of oi)inion in 
respect to higher category levels of 'order,* ‘sub-order/ and 'great soil groui)s\ 
At the level of 'soil order’, all soils may, according to llu' system athipOxl in 
the United States, be divided into 'zonal,’ 'azonal," ami Mnirazoual’ soils. fWery 
soil feature utilised as difierentiating characteristic should have a 'ceiling’ Of 
independence above which it cannot be used to diirer(ni(ia.te witliout sepanU 
like things in categories below it. The halomorpliic and liydromorp!u(‘ eharae!- 
teristics, as are well known, often develop duo to orographical and liydroloideal 
conditions : for instance, solanchak formation is often met with in the (Janga, "ami 
Jamuna flood basins as well as in association with, zonal soils. The same niOlit Ijc 
said about all the different varieties of Wiesenboden or meadow soils, lux^ .soils 
and the so-called ground-water podzols and laterih's. To avoid (‘.onfusion at the 
lower category level, it would be better to classify all soils in ariv loealitv into two 
groups only : 'zonal’ and 'azonal soils. The zonal soils^ux' (iuajvuUcuised 

by well differentiated horizons and by profil' eliaraet(U'is(ics, mark(xll\' cUfierent 
from each other in conformity with ecological and dima(i<' (mmlitmns of tlx* 
area.. 

There is considerable room for ditfcrencc ol ojrinion in revspexu (o ilu* 
contents of the next level of diflcrentiatioii, naiuely, at the 'snb-orded Uwel. It 
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is, at this poiat^ that all clirnalic and (ecological factors are taken into accouriL 
According to some authorities the nature of parent material should also be talum 
into consideration at this stage. Such a course is particularly necessary in^ order 
to l)c able to find explanation for the presem^e of soils outside the cliniatie. 
and ecological zones where they normally occnir; such. a,s the j)rcsence, for 
instance, of grey- brown podsolic soils of the Northern linrope ; in the; hot, 
humid low-land forests of Assam ; and the o('.eurrene<* of soils rc^sernbling reddisli 
brown laterites of the luunid tropics with winch the workers of India a=r<^ well 
acquainted in the plains ol' Central Virginia, in th(' C. S. A, and ya,ngtse Valley 
in CJentral China* Much of the confusion in soil taxonomy lias arisen liy ims(a,k- 
iug processes for names. d1ie word q-iodsoF should not ennnote a.ny more a, fonna- 
tion of ashy-grey soils of Russiaai conifer forests, but a. pejnlngica,! prneess mobili- 
sing scs(iinoxides and forming illuvial /.ones containing fiee hydra, t(Hl oxides of irnn 
and alumina, ddic process may give rise to the weU-kno\en podsols or l)ecaus(* 
of topographical and hydrological conditions may lead to staliilisation at souu* 
intermediate point. Bucannuu gave the name MateriteV to a scxsqnioxide-rich 
soil crust, used in road making in South India. The soils containing these 
bodies were designated as laterites; but the process of laterisatiou is by no means 
confined to the locality where the particular soil formation was first encountered. 
With the elucidation of the nature of the process giving rise to eluviation of 
silica and alkaline basics from tlu^ soil surfacxg it is now found that it would 
not b('. correct to charaeicriHc even the original soil of Bueatuum ns a lalertte* 
Much of this type oi confusion could be avoithxl by taking the jiarent material 
into consideratioti at category level of sub-order. 'Hie variants at this ea.tegory 
level should then be tlie factors ofclimaua ecology ami iiartait matt'rial. Workers 
in pedology do not seem to liavi; reac.hml even now a.nv a,gremuent in rrspee/t 
to the great soil groups. 'The lb S, A. Division of Sod Survey recogidsed Ul 
I?, Teat soil groups in that (umntvy a,s zotial soils, bl under intrazonal, and II 
under azonal. Prest'.ot rm'ognistal grtmt soil groups in AtistraUa, nine of 
whieh have; no paralhVl in tlie great soil groups snggesttnl by the workers in 
America. Van der Merwe has eslablisUed in Soutli Africa, four great soil 
groups. Every soil survey report contains a few new names for altogether new 
great soil groups. Mdie ^ type sp<ade,sd as all rcctml studies show, represent 
otily a point in the population curve and thendbre does not represent the featttres 
of the |)optda.ti<m itself. 'I'he |:>ossd)iUty of finding tiew * type speudes ' i.s there- 
fore, infinite. Unless the; natnes represent rontaqil of soil formation a great, 
deal of confusion is in stme for all. What is necessary at pnxsent is to <:or.reta,.ly' 
define the attributes of the process at tlie level of great soil grrmps. For a 
varicsty of reasons soil taxonomy is yet in a fiintl state aiul undue' inqrtirtiuice 
should not be given to names of great soil groups in |>refermic(; to tlie nature of 
processes which they represent. For the sake of the olijective tire soils sliould 
be classified not only in terms of tludtr own inherent and acquired characteristics, 
l.mt also according to their beliavionr and capabilities. The liehaviour and 
capabilities are not necessarily determined by the clilFcrenlial cliaractcristics Imc 
also to a certain measure liy the accessory factors associated witli each class 
division of the soil category. lienee arises the necessity of classifying soils into 
soil Aunilies, soil scries, soil texture and .soil phasixs, 

IM:iT)ITrAN(lli OF VARIOUS SOU. PMASES 

Variation in slopcg degree and tyt>e ofttrosion, content of stones and pebliles, 
thickness of alluvial deposits, extent of water-logging, salinity and alkaTnity 
are generally considered under soil phases. Similarly, in some eas<;s tlic organic 
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matter content of soils, particularly ii it is due lo dyuanur (.arises lake luimao 
activity and application of manure and fertilizer may be .itrouped unflarsoil phases. 
All these factors arc inirncnscly importaTi,! ior nuderslatidin?,,^ ea*op htdiaviour jind 
soil capabilities. Basu in Inciia, Hardy in I rinidad a,iul sc^veral <nhci pedologists 

have considered the drainage condition (>fs()ils ai a eategorv loved of soil series, 
while others have considered tlu^ drainage etmractcr a,t. the category level (d sod, 
phases. The halornorplde eharaxderislies of soils aeeortUng lo workers diHJie 
U, S. A. should l)e considered a,t (he eategorv level of grea.t soil groups, ddie 
phenomena of salinity and a,1kalinity a^re olisc-rved gcmerally .in area„s where gronntl 
water approaches tlic surface and a.rc fonnd in association with a variety of soil 
types. 

All parts of the earth conditioned l>y geological formation of the past 
epochs by the regime of ground water and by cultural ojicratiops like 

irrigation with salty water find cxju'cssion to varying degrees in the proces- 
ses of salinization and desalinization. Alkali soils have been found in 
Codwell loams of Idaho, (iV|>seous clay loams at Ul;iln in Ukraine and 
in islands in (rulf of h’inland, a[)art from tlicir general oecurreneo 
in arid tropics, Tliesc soils have been found by B^asu in assodation with imma- 
ture tropical clierozems, liy the writer in Bundelkhand Type III soils as well 
as in old alluvial flats and in fresh alluvial soils of river baskii. Pra^d found 
these soils extensively in North Ikhar in assoefurtion with zmaal soi:ls. ;i. for theic 
reasons, I consider it more appropriate to include soils tinder soil phases 

particularly where the source of salinity and alkalinity are the eharaeter and 
contents of the ground water. On idmitical consideration all haloinor- 
phic and hydromorphic characteristics could be grouixul under soil phases, siiu'c 
they are by no means specific character of any of the zonal groups. All soil 
characteristics acquired by a soil profile, due either lo some a,.ecide,nts or l>y 
human endeavour, could appropriately he considered at the category level (jf 
soil phases. Soil behaviour towards crops is largely determined by^ the soil 
phases. By their nature soil phases can be considered both (lualitativdy and 
quantitatively. Salinity, alkalinity, water-logging, etc, arc qualitative variants ; 
but their extent can be both qualitative and quantitative. (j^uantitiilively these* 
may be classified, for instance, into low, medium or high ; or quantitatively aoe.onU 
ing to the percentage of salinity, etc. Whether a ((uantitative or qualitative 
method should be used may be determined by the ()bjectiv<^ for which soil survi'iy 
is conducted. The salt tolerance of cereals like wlu^at and barlc^y are low, 
while the sugarcane is fairly resistant. Satisfactory growlli of wheat cannot be 
obtained when the salt content is over 0’3 |)cr cent, but sugarcane can grow well 
even when salt content is over 0*5 per cent. Thus for whea,t le,sH than OT pm* 
cent, salts is .low, 0*i-0*3 per cent, medium and over 0*3 per <‘ent. high. For 
sugarcane less than 0*3 per cent, salts is low, 0*3-0‘6 ptu* ('cat, medinm and over 
0"6 per cent. high. The quantitative and cpialitaiive class intervals will be 
determined by the requirements of the objective at the level of classification 
of soil phases. A quantitative classification would have a wider application than 
the qualitative, and soil survey being of wider application, ilie (|uanlitalive 
aspect should only be considered. 

EROSION PROCESSES AND THEIR EFFECrr ON SOILS 

It is well known that due to the norma) erosion process stweral diilereul 
but related soils arc formed from the same parent materia, L Ifigh lands may 
have skeletal soils which may be sandy or containing too many gravids or slomts 
or secondary ferrugenous crusts. At the depressions the soils nuiy be of very line 
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texture coetaiiiinix colluvial-eluvial products of degradation from high elevations. 
The slope eonclilitHis would (hUcrminc not only the character and sequence 
of hori/ous l)tit also Ihclr three dimensional extent. Thus at series level it 
wotild 1 x 5 tiKcful to <a>nsider slope and erosion conditions and catenary charac- 
Ku'istics. It may l)e seen tha.t under the system followed in the U. S, A. no 
quantitative limits (am 1)(5 given to soil classes at series level and may to that 
(extent detract much, from llu': tisefulncss of soil survey to other objectives, apart 
from the oue for wliicli so rmu'.h of work is conducted. 


i 
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